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Figure 1: Structure of and interactions between the work packages in the THERAMIN project.
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)RUVFKXQJV]HQWUXP-
-¾OLFK
ڏ *HRSRO\PHULVDWLRQRIJDVL$퐀eGLRQH[FKDQJHUHVLQV 7DSLR9HKPDV977
ڏ 6\QWKHVLVDQGFKDUDFWHULVDWLRQRIKLJKFHUDPLF
IUDFWLRQEUDQQHULWH87L
2
OJODVVFHUDPLFFRPSRVLWHV
0DOLQ'L[RQ:LONLQV
8QLYHUVLW\RI6KHI$퐀eOG
ڏ ,Q$픀uHQFHRIWKHUPDOWUHDWPHQWRQWKHGLVSRVDELOLW\
RILRQH[FKDQJHUHVLQVLQGHHSJHRORJLFDO
UHSRVLWRU\D)UHQFKFDVH
/LVH*ULIIDXOW$QGUD
ڏ 3ODVPDLQFLQHUDWLRQRIFHPHQWHGFRQFHQWUDWHVDQG
UHVLQVSUHOLPLQDU\HYDOXDWLRQRIWKHGLVSRVDELOLW\RI
WKHHQGSURGXFW
.DWULHQ0HHUW1,5$6
21'5$)
 3DQHOVHVVLRQ4	$
+RZKDVWKH7+(5$0,1SURMHFWPRYHGWKHVWDWH
RIWKHDUWIRUWKHUPDOWUHDWPHQWRQ"
:KDWVKRXOGWKHQH[WVWHSVEH"
-HQQ\.HQW*6/DQG
SDQHORI7+(5$0,1
SURMHFWSDUWLFLSDQWV
 &ORVHRIFRQIHUHQFH &KDLU
7KH7+(5$0,1FRQIHUHQFHLVEHLQJKHOGDWWKH0HFKDQLFVڕ,QVWLWXWH0DQFKHVWHURQthDQG
5th)HEUXDU\IROORZHGE\DQRSWLRQDOYLVLWWRWKH,PPRELOLVDWLRQ6FLHQFH/DERUDWRU\DWWKH
8QLYHUVLW\RI6KHI$?HOGRQth)HEUXDU\
Agenda
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Day Three (optional)  Thursday 6th February
9LVLWWRWKH8QLYHUVLW\RI6KHIߔHOG,PPRELOLVDWLRQ6FLHQFH/DERUDWRULHV
0820 0HHWDW0DQFKHVWHU3LFFDGLOO\VHHPDSEHORZIRUH[DFWORFDWLRQ
0845 7UDLQWR6KHI$퐀eOGGHSDUWVGXUDWLRQPLQV
ڏ 9LVLWWR8QLYHUVLW\RI6KHI$퐀eOGODERUDWRULHV
1445 7UDLQWR0DQFKHVWHUIRUWKRVHZKRQHHGLWGXUDWLRQPLQV
/HDG$XWKRU Institution Title
7RP)OHWFKHU //:5 )HDVLELOLW\RIWKHUPDOWUHDWPHQWWHFKQLTXHVIRU8.
SUREOHPDWLFZDVWH
+«OªQH1RQQHW &($ )UHQFKLQQRYDWLYHWKHUPDOWUHDWPHQWSURFHVVHVIRUWKH
PDQDJHPHQWRIUDGLRDFWLYHRUJDQLFOLTXLGZDVWH
/LDP+DUQHWW University of 
6KHI$퐀eOG
'HYHORSPHQWRISKRVSKDWHJODVVFRPSRVLWLRQVIRU
FRQGLWLRQLQJRILUUDGLDWHGQXFOHDUIXHOUHVLGXHV
.DULQH)HUUDQG 6&.&(1 &KDUDFWHULVDWLRQRISODVPDVODJVSURGXFHGIURP
FHPHQWHGUHVLQVDQGFRQFHQWUDWHV
$OH[DQGUD0LNXVRYD 98-(,QF 0DWHULDOFKDUDFWHULVDWLRQRI&KURPSLN,,,JODVV
VDPSOHV
0D[LPH)RXUQLHU &($ &KDUDFWHULVDWLRQRIZDVWHIRUPVSURGXFHGE\WKH
6+,9$DQG,Q&DQ0HOWHUSURFHVVHV
/XF\0RWWUDP University of 
6KHI$퐀eOG
'HYHORSLQJODERUDWRU\EDVHG;UD\$EVRUSWLRQ
6SHFWURVFRS\;$6IRUQXFOHDUZDVWHPDQDJHPHQW
+DR'LQJ University of 
6KHI$퐀eOG
0LFUR;$6DQDO\VLVRI&KHUQRE\OODYD
+DR'LQJ University of 
6KHI$퐀eOG
$)HDVLELOLW\6WXG\RI$GYDQFHG*DVFRROHG5HDFWRU
6,0)XHO)DEULFDWHGE\+RW,VRVWDWLF3UHVVLQJ
7DSLR9HKPDV 977 *HRSRO\PHULVDWLRQRIJDVL$퐀eGLRQH[FKDQJHUHVLQV
PHFKDQLFDOSURSHUWLHVDQGVKRUWWHUPOHDFKLQJVWXGLHV
$%R\HU &($ 7KHUPDOK\GUDXOLFPRGHOOLQJRIDYLWUL$퐀cDWLRQIXUQDFHڏ
'(0	0(/7SURMHFW
1HLO+\DWW University of 
6KHI$퐀eOG
+$'(6$1DWLRQDO1XFOHDU8VHU)DFLOLW\IRUKLJK
DFWLYLW\GHFRPPLVVLRQLQJHQJLQHHULQJVFLHQFH
6DOO\6FRXU$퐀eOG *6/ 7KHUPDOWUHDWPHQWIRUUDGLRDFWLYHZDVWHPLQLPLVDWLRQ
DQGKD]DUGUHGXFWLRQRYHUYLHZDQGVXPPDU\RIWKH
7+(5$0,1SURMHFW
Marianne De 
9UHHVH
&($ &KDUDFWHULVDWLRQRIFDOFLQHGDQGYLWUL$퐀eGVLPXODQWV
GHYHORSHGWRUHSUHVHQWDW\SLFDO'	'VOXGJH
/HZLV%ODFNEXUQ University of 
6KHI$퐀eOG
+RWLVRVWDWLFDOO\SUHVVHG]LUFRQROLWHZDVWHIRUPVIRU
DFWLQLGHLPPRELOLVDWLRQ
-+DQVHQ 0RQWDLU3URFHVV
7HFKQRORJ\
3\URO\VLVRIUDGLRDFWLYHVSHQWUHVLQVLQWKHSULPH
installation
3DXO+HDWK *5,/WG 'HYHORSPHQWRI+,3SURFHVVIRUWKHWUHDWPHQWRI
VHOOD$퐀eOGVOXGJHVDQGVOXUULHV
7KHSRVWHUVHVVLRQZLOOWDNHSODFHRQ7XHVGD\th)HEUXDU\'D\2QHEHWZHHQڏ
5HIUHVKPHQWVZLOOEHSURYLGHG
List of posters
:KHQZHDUULYHLQ6KHI$?HOGWKH,PPRELOLVDWLRQ6FLHQFH/DERUDWRULHVDUHDVKRUWZDONDSSUR[
PLQXWHVIURPWKHWUDLQVWDWLRQRU\RXFDQWDNHDWD[LRUWKHWUDP%OXHOLQHDOLJKWDW:HVW
6WUHHWDQGZDON
,PPRELOLVDWLRQ6FLHQFH/DERUDWRULHV
'HSDUWPHQWRI0DWHULDOV6FLHQFHDQG(QJLQHHULQJ
8QLYHUVLW\RI6KHI$?HOG
Mappin Street
6KHI$?HOG
6-'
0DSRI0DQFKHVWHU3LFFDGLOO\DQGDSSURDFKIURPWKHGLUHFWLRQRIWKH3HQGXOXP+RWHO
0HHWLQJSRLQWRXWVLGH&RVWD&RIIHHRSSRVLWHSODWIRUP
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$ FRQIHUHQFH GLQQHU ZLOO EH KHOG DW WKH
0DQFKHVWHU&RQIHUHQFH&HQWUH DWWDFKHG WR
WKH3HQGXOXP+RWHORQ7XHVGD\th February 
DW  SP 'LUHFWLRQV IURP WKH 0HFKDQLFV
&HQWUHDUHVKRZQRQWKHPDSEHORZ
Conference dinner menu
,I\RXKDYHGLHWDU\UHTXLUHPHQWVDQGGLGQRWLQGLFDWHWKHVHGXULQJUHJLVWUDWLRQIRUWKHFRQIHUHQFH
SOHDVHFRQWDFWDPHPEHURIWKHRUJDQLVLQJFRPPLWWHHWRDUUDQJHDOWHUQDWLYHPHQXRSWLRQV
Starter
&DHVDUVDODG
Little gem lettuce with croutons, parmesan shavings  
and classic dressing. Crispy bacon optional.
9HJHWDULDQRSWLRQ9HJHWDEOHVRXS
Black pepper and herb croutons.
Main
5RDVWFKLFNHQ
Roasted with thyme and garlic and served with gratin potatoes,  
roast carrots and sugar snap peas and red wine jus.
9HJHWDULDQRSWLRQ7DJLQHRI6ZHHW3RWDWRDQG&KLFNSHDV
Served with mushroom and coriander rice.
Dessert
&KRFRODWHWUXI$?HWRUWH
Served with clotted cream ice cream and raspberries.
Vegetarian. May contain nuts/peanuts.
0HFKDQLFVڕ,QVWLWXWH
3ULQFHVV6W
0DQFKHVWHU
0''
3KRQH
Conference dinner
Locations
3HQGXOXP+RWHODQG&RQIHUHQFH&HQWUH
6DFNYLOOH6W
0DQFKHVWHU
0%%
3KRQH
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M. Dowson*1 and C.R. Scales2
1Sellaield Ltd
2National Nuclear Laboratory (NNL)
* mark.dowson@sellaieldsites.com
7KHSRWHQWLDOIRUWKHUPDOWUHDWPHQWRI8.
KLJKHUDFWLYLW\ZDVWHV
6HOOD$?HOG /WG 6/ PDQDJHV WKH
GHFRPPLVVLRQLQJ DQG FOHDQXS RI WKH
6HOOD$?HOG VLWH LQ &XPEULD 8. 2QH RI WKH
FKDOOHQJHV LV UHWULHYDO DQG VXEVHTXHQW
WUHDWPHQW RI KLJKHU DFWLYLW\ ZDVWHV LQWR D
IRUP VXLWDEOH IRU VDIH VWRUDJH DQG XOWLPDWH
GLVSRVDO  6/ KDV DQ HVWDEOLVKHG SURFHVV
IRU WKHYLWUL$?FDWLRQRIKLJKOHYHOZDVWHV IURP
WKH UHSURFHVVLQJ RI VSHQW IXHO EXW DVLGH
IURP RSHUDWLRQDO ZDVWHV ZKLFK XQGHUJR
FHPHQWDWLRQOHJDF\ZDVWHVUHPDLQZKLFKGR
QRWKDYHDGH$?QHGGLVSRVLWLRQURXWH
2QH RI WKH SRVVLELOLWLHV LV WR WKHUPDOO\ WUHDW
WKH ZDVWHV $V ZHOO DV SDVVLYDWLQJ UHDFWLYH
PHWDOV DQG UHPRYLQJ RUJDQLFV ZKLFK FRXOG
EHDQLPSHGLPHQWWRGLVSRVDODELJGULYHUIRU
6/LVWKHUHGXFWLRQLQRYHUDOOZDVWHSDFNDJH
YROXPHV OHDGLQJ WR ODUJH FRVW VDYLQJV IRU
RQVLWH VWRUDJHZKLOH DZDLWLQJGLVSRVDO LQ D
JHRORJLFDOGLVSRVDOIDFLOLW\*')
:KLOH6HOOD$?HOG LVE\ IDU WKH ODUJHVWQXFOHDU
VLWH LQ WKH 1'$ HVWDWH VLPLODU ZDVWHV H[LVW
DWRWKHU ORFDWLRQVDQG WRVXSSRUWDQHVWDWH
ZLGH DVVHVVPHQW 1'$ KDV HVWDEOLVKHG D
7KHUPDO7UHDWPHQW,QWHJUDWHG3URMHFW7HDP
,QUHYLHZLQJWKH6HOOD$?HOG,QYHQWRU\WKHXVH
RID'DWD4XDOLW\2EMHFWLYHV'42SURFHVV
KDV HVWDEOLVKHG WKH SRWHQWLDO IRU WKHUPDO
WUHDWPHQW DQG FXUUHQW DQG KLVWRULF WULDOV
XVLQJH[LVWLQJ IDFLOLWLHVRQ WKH6HOOD$?HOGVLWH
DQG LQ WKHVXSSO\ FKDLQKDYHGHPRQVWUDWHG
FUHGLELOLW\ 7KH XVH RI D FRPPHUFLDO
HQJDJHPHQW SURFHVV ZLWK WKH VXSSO\ FKDLQ
KDVHVWDEOLVKHGDEDVLVRQZKLFKWRPDNHD
EXVLQHVVFDVHIRUWKHUPDOWUHDWPHQW
)RU VRPH ZDVWHV VXFK DV VOXGJHV
LRQ H[FKDQJH PDWHULDOV DQG SOXWRQLXP
FRQWDPLQDWHG PDWHULDOV 3&0 WKH QHHG WR
PDNH GHFLVLRQV LQ WKH QHDU WHUP UHTXLUHV
DFWLRQ E\ WKH LQGLYLGXDO SURMHFWV $ORQJVLGH
WKDW D VLWHZLGH EXVLQHVV FDVH LV EHLQJ
H[SORUHG ZKLFK LI VXFFHVVIXO PD\ OHDG WR
WKHUPDO WUHDWPHQW EHLQJ GHSOR\HG RQ D IDU
ZLGHU UDQJH RI IHHGV FRYHULQJ IRU H[DPSOH
OHJDF\SRQGVDQGVLORVDQGGHFRPPLVVLRQLQJ
ZDVWHV
7KH UHVXOWV RI GHFLVLRQV EHLQJ PDGH LQ WKH
FRPLQJ PRQWKV FRXOG UHVXOW LQ D VWUDWHJLF
VKLIW LQ KRZ 6/ DQG WKH ZLGHU 1'$ HVWDWH
WUHDWWKHLUZDVWHDULVLQJVDQGEULQJVLJQL$?FDQW
RSSRUWXQLWLHVIRUWKHVXSSO\FKDLQ
7KH ,QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\
,$($SURPRWHVWKHVDIHDQGSHDFHIXOXVHV
RIQXFOHDUHQHUJ\LQFOXGLQJWKHPDQDJHPHQW
RI UDGLRDFWLYH ZDVWH DFFRUGLQJ WR QDWLRQDOO\
DQG LQWHUQDWLRQDOO\ DJUHHG SULQFLSOHV DQG
VWDQGDUGVZLWKVDIHGLVSRVDODVHQGSRLQWIRU
DOOZDVWHW\SHV
$ ZLGH YDULHW\ RI ORZ DQG LQWHUPHGLDWH
OHYHO /,/: VWUHDPV UHTXLUH WUHDWPHQW
FRQGLWLRQLQJ WRPHHW WKH:DVWH$FFHSWDQFH
&ULWHULD :$& IRUVWRUDJHDQG RUGLVSRVDO
IDFLOLWLHV 0DQ\ WHFKQRORJLHV WKHUPDO DQG
QRQWKHUPDO DUH RSHUDWLRQDO ZRUOGZLGH
WR SURGXFH VWDEOH ZDVWH IRUPV VXLWDEOH
IRU VWRUDJH DQG GLVSRVDO ,Q WKLV UHJDUG
WKH SURFHVVLQJ RI ZDVWH XVLQJ WKHUPDO
WHFKQRORJLHV LV LPSRUWDQW IRU ZDVWH
PLQLPL]DWLRQDNH\SULQFLSOHUHVXOWLQJLQWKH
SURGXFWLRQRIDVWDEOHZDVWHIRUPVXLWDEOHIRU
VWRUDJHRUGLVSRVDO
$OWKRXJK WHFKQRORJLHV DUH DYDLODEOH IRU
SURFHVVLQJ WKH PDMRULW\ RI ZDVWH VWUHDPV
WKHUHUHPDLQVRPHZDVWHVWUHDPVIRUZKLFK
HLWKHU D VXLWDEOH WHFKQRORJ\ GRHV QRW H[LVW
RU FDQQRW EH DFFHVVHG IRU D QXPEHU RI
UHDVRQV ڏ FRVW ODFN RI WHFKQLFDO FDSDELOLW\
VPDOO YROXPH XQNQRZQ FKDUDFWHULVWLFV
&RQVLGHULQJ WKH KLJK RYHUDOO FRVWV IRU
GHYHORSLQJ QHZ LQGLYLGXDO WUHDWPHQW
FRQGLWLRQLQJ SURFHVVHV WR LPPRELOL]H WKLV
ZDVWHLQWRVXLWDEOHZDVWHIRUPVIRUJHRORJLFDO
GLVSRVDO WKH EHQH$?WV RIIHUHG E\ WKHUPDO
WUHDWPHQW WHFKQRORJLHV XQGHU GHYHORSPHQW
PD\ EH DEOH WR DVVLVW LQ SURFHVVLQJ WKHVH
ZDVWHW\SHV0RGXODURUVKDUHGLQWHUQDWLRQDO
WKHUPDO IDFLOLWLHV ZRXOG IDFLOLWDWH SURFHVVLQJ
VPDOO YROXPH RI ZDVWH DV HQFRXQWHUHG LQ
PDQ\0HPEHU6WDWHV
7KH ,$($ UHFRJQL]HV WKDW WKHUPDO
WHFKQRORJLHV KDV DQ LPSRUWDQW UROH DQG DV
VXFK WKH :DVWH 7HFKQRORJ\ 6HFWLRQ :76
DW WKH ,$($ KDV LQLWLDWHG WKH ,QWHUQDWLRQDO
3UHGLVSRVDO1HWZRUN,31SODWIRUPWRVKDUH
ZDVWH PDQDJHPHQW LQIRUPDWLRQ LQFOXGLQJ
WKHUPDO SURFHVVLQJ WHFKQRORJLHV IURP
SXEOLFDWLRQV SUHGLVSRVDO KDQGERRNV &R
RUGLQDWHG 5HVHDUFK 3URJUDPV &53 &DVH
VWXGLHV IHOORZVKLSWUDLQLQJDQG:LNLDUWLFOHV
DPRQJLWVPHPEHUV
7KH SDSHU FRQYH\V WKH ,$($ڕV SHUVSHFWLYH
RQWKHUROHRIWKHUPDOWHFKQRORJLHVLQZDVWH
PLQLPL]DWLRQ DQG SURFHVVLQJ RI FKDOOHQJLQJ
ZDVWH VWUHDPV DQG WKH V\QHUJLHV ZLWK WKH
FXUUHQW(&7+(5$0,1SURMHFW
W.C.M.H. Meyer
International Atomic Energy Agency (IAEA)
w.meyer@iaea.org
,$($ڕVSHUVSHFWLYHRQWKHUROHRIWKHUPDO
WHFKQRORJLHVLQSURFHVVLQJUDGLRDFWLYHZDVWH
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8QGHU:RUN3DFNDJH:3RI7+(5$0,1
VWUDWHJLF UHYLHZV RI WKHUPDO WUHDWPHQW
WHFKQRORJLHV DQG (XURSHDQ UDGLRDFWLYH
ZDVWH VWUHDPV IRU ZKLFK WKHUPDO WUHDWPHQW
FRXOGEULQJEHQH$?WVKDYHEHHQXQGHUWDNHQ
7KLV SDSHU SUHVHQWV WKH RXWFRPHV RI DQ
LQWHUQDWLRQDO UHYLHZRI LQYHQWRU\ LQIRUPDWLRQ
FRQFHUQLQJ (XURSHDQ ZDVWHV SRWHQWLDOO\
VXLWDEOH IRU WKHUPDO WUHDWPHQW D UHYLHZ
RI WKHUPDO WUHDWPHQW WHFKQRORJLHV DQG D
VWUDWHJLF JDS DQDO\VLV WR LGHQWLI\ FRXQWULHV
ZKHUHWKHUHDUHVLJQL$?FDQWZDVWHDULVLQJVZLWK
SRWHQWLDO EHQH$?WV IRU WKHUPDO WUHDWPHQW EXW
OLWWOHSURVSHFWRI WKHVHFRXQWULHVGHYHORSLQJ
WKHUPDOWUHDWPHQWIDFLOLWLHVLQGHSHQGHQWO\
,QYHQWRU\ LQIRUPDWLRQ ZDV JDWKHUHG E\
PHDQVRIDTXHVWLRQQDLUH7KHZDVWHVWUHDPV
LGHQWL$?HG E\ SURMHFW SDUWQHUV ZHUH LQFOXGHG
LQ D GDWDEDVH DQG FDWHJRULVHG LQWR 
GLIIHUHQW JHQHULF ZDVWH JURXSV (DFK ZDVWH
JURXS PD\ KDYH VSHFL$?F LVVXHV DVVRFLDWHG
ZLWK WUHDWPHQW SURFHVVLQJ SDFNDJLQJ RU
WUDQVSRUW DOWKRXJK IRU VRPH JURXSV WKH
LVVXHVDUHFRPPRQ7KHFDWHJRULVDWLRQLQWR
JHQHULFJURXSVZDVEDVHGRQFRPPRQDOLWLHV
LQ WKH ZDVWH VWUHDP SURSHUWLHV DQG
FRPSRVLWLRQ 7KHUH DUH JURXSV RI FRPPRQ
ZDVWH WKDW RFFXU LQ VHYHUDO FRXQWULHV VXFK
DVVOXGJHVLRQH[FKDQJHPDWHULDOVFHPHQW
FRQGLWLRQHGZDVWHVDQGELWXPHQFRQGLWLRQHG
ZDVWHZKLOVWRWKHUVPD\EHSUHVHQWLQIHZHU
FRXQWULHV HJ SRO\PHUFRQGLWLRQHG ZDVWH
DQGQRQRUJDQLFOLTXLGZDVWHV
7KH VXUYH\ RI (XURSHDQ WKHUPDO WUHDWPHQW
WHFKQRORJLHV LGHQWL$?HG D ZLGH UDQJH RI
WHFKQLTXHVWKDWFRXOGEHJURXSHGLQWRWKUHH
KLJKOHYHO SURFHVV W\SHV WKHUPDO WUHDWPHQW
IRU YROXPH UHGXFWLRQ DQG SDVVLYDWLRQ HLJKW
WHFKQRORJLHVFRQGLWLRQLQJE\LPPRELOLVDWLRQ
LQJODVVHLJKWWHFKQRORJLHVDQGFRQGLWLRQLQJ
E\LPPRELOLVDWLRQLQFHUDPLFRUJODVVFHUDPLF
PDWULFHV RQH WHFKQRORJ\ 7KH WHFKQLFDO
GHWDLOV RI WKH WHFKQRORJLHV DQG RI VSHFL$?F
IDFLOLWLHV LPSOHPHQWLQJ HDFK WHFKQRORJ\
ZHUH FDSWXUHG LQFOXGLQJ LQIRUPDWLRQ RQ
ZDVWHDFFHSWDQFHFULWHULDDQG WKH WHFKQLFDO
UHDGLQHVVRIWKHIDFLOLW\HJH[SHULPHQWDOYV
IXOOVFDOH LQGXVWULDO IDFLOLW\7KLV LQIRUPDWLRQ
ZDV WKHQ XWLOLVHG WR LGHQWLI\ WKH VSHFL$?F
DGYDQWDJHV DQG OLPLWDWLRQV RI HDFK RI WKH
WUHDWPHQW WHFKQRORJLHV DV UHSUHVHQWHG E\
VSHFL$?F IDFLOLWLHV 7KLV DOORZHG WKH FUHDWLRQ
RI D YLDELOLW\ PDWUL[ WKDW FRPSDUHV WKH
JHQHULF ZDVWH JURXSV WR WKHUPDO WUHDWPHQW
WHFKQRORJLHV WKDW FRXOG SRWHQWLDOO\ WUHDW WKH
LGHQWL$?HGZDVWHV
$ VWUDWHJLF JDSDQDO\VLVZDVXQGHUWDNHQ WR
LGHQWLI\WKRVHFRXQWULHVZLWKZDVWHVLGHQWL$?HG
DVVXLWDEOHIRUWKHUPDOWUHDWPHQWEXWZLWKQR
VXLWDEOH GRPHVWLF WKHUPDO WUHDWPHQW IDFLOLW\
)DFLOLWLHVZLWKWKHWHFKQRORJLFDOFDSDELOLW\WR
WUHDWWKRVHZDVWHVLQRWKHU(XURSHDQFRXQWULHV
ZHUH LGHQWL$?HG$OWKRXJK WKLVDQDO\VLVGRHV
QRW DFFRXQW IRU QRQWHFKQLFDO OLPLWDWLRQV RQ
PRYHPHQW RI ZDVWH DFURVV LQWHUQDWLRQDO
ERUGHUV LW SURYLGHV SUHOLPLQDU\ LQSXWV IRU
IXWXUH GHFLVLRQ PDNLQJ DQG IXUWKHU DQDO\VLV
WDNLQJ LQWR DFFRXQW ZLGHU FRQVLGHUDWLRQV
RQ VSHFL$?F ZDVWH FKDUDFWHULVWLFV DQG RWKHU
IDFLOLW\FRQVWUDLQWV
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6WUDWHJLFVWXG\RIWKHUPDOWUHDWPHQWRI
(XURSHDQUDGLRDFWLYHZDVWHV
9HROLD 1XFOHDU 6ROXWLRQV KDV EHHQ ZRUNLQJ
ZLWK WKH 8.ڕV 1DWLRQDO 1XFOHDU /DERUDWRU\
DQG NH\ 8. VLWH OLFHQVH FRPSDQLHV WR
XQGHUVWDQG WKH UROH WKDW DGYDQFHG WKHUPDO
WUHDWPHQW FRXOG SOD\ LQ WKH SURFHVVLQJ DQG
GLVSRVLWLRQRIZDVWHVLQWKH8.(DUO\LQWKH
SURFHVVLWEHFDPHFOHDUWKDWVSHFL$?FWKHUPDO
WUHDWPHQW WHFKQRORJ\ FDSDELOLWLHV ZHUH QRW
WKHRQO\FRQVLGHUDWLRQQHFHVVDU\WRHYDOXDWH
WKHDSSOLFDELOLW\RIWKLVFODVVRIWHFKQLTXHVWR
ZDVWHFKDOOHQJHV5RXWHFRQVWUDLQWVVXFKDV
KRVW VLWH FODVVL$?FDWLRQ	GLVFKDUJHSHUPLWV
WUDQVSRUW FRQVLGHUDWLRQV DQG GLVSRVDO VLWH
DFFHSWDQFH FULWHULD GH$?QH WKH HQYHORSH
ZLWKLQ ZKLFK WKHUPDO WUHDWPHQW WHFKQRORJ\
FDQRSHUDWH
7KH REMHFWLYH RI WKLV ZRUN ZDV WR PDS
WKHVH FRQVWUDLQWV VR WKDW NH\ VWDNHKROGHUV
FRXOG TXDQWLI\ DQG HYDOXDWH WKH LPSDFW
WKHUPDO WUHDWPHQW FRXOG KDYH RQ WKHLU
ZDVWH LQYHQWRULHV IURP D URXWH UDWKHU WKDQ
WHFKQRORJ\SHUVSHFWLYH
7KH ZRUN ZDV FDUULHG RXW E\ H[SHUWV ZLWK
H[SHULHQFH LQ HQYLURQPHQWDO SHUPLWWLQJ
ZDVWH PDQDJHPHQW DQG VLWH SHUPLW
DUUDQJHPHQWV 7KH UHVXOW ZDV WKH FUHDWLRQ
RI D SDUDPHWULF PRGHO WKDW FDQ EH XVHG WR
HYDOXDWH FDQGLGDWH ZDVWHV IRU D VSHFL$?F
ZDVWH PDQDJHPHQW URXWH 7KH WHFKQLTXH
XVHGDOVRRIIHUVD IUDPHZRUN IRUDVVHVVLQJ
WKHFDSDELOLWLHVRIRWKHUZDVWHPDQDJHPHQW
URXWH RSWLRQV DOWHUQDWLYH VLWHV GLVSRVDO
IDFLOLWLHV7KLVSRZHUIXOWRROEULQJVDGYDQFHG
WKHUPDOWUHDWPHQWDVWHSFORVHUWRGHOLYHULQJ
RQ LWV SURPLVHV E\ KHOSLQJ VWUDWHJ\ PDNHUV
DQG SRWHQWLDO HQG XVHUV TXDQWLI\ FDSDELOLW\
DQG DSSOLFDELOLW\ KHQFH LQIRUPLQJ NH\
GHFLVLRQV
M. Moulin-Ramsden*, B. Campbell and K. Finucane
Veolia Nuclear Solutions
*mike.moulin-ramsden@veolia.com
)URPWHFKQRORJ\WRDFFHSWDQFHFULWHULDGH$퐀nLQJWKHUPDO
WUHDWPHQWڕVSODFHLQWKHZDVWHPDQDJHPHQWWHFKQRORJ\PL[
17
3UHYLRXV OLTXLGPHWDO IDVW UHDFWRUSURJUDPV
([SHULPHQWDO %UHHGHU 5HDFWRU,, (%5,,
DQG DVVRFLDWHG UHVHDUFK DQG GHYHORSPHQW
DFWLYLWLHV DW WKH ,GDKR 1DWLRQDO /DERUDWRU\
,1/JHQHUDWHGDQXPEHURI UHDFWLYHPHWDO
ZDVWH FRQ$?JXUDWLRQV WKDW DUH SUREOHPDWLF
WR WUHDW DQG W\SLFDOO\ ODFN FRVW HIIHFWLYH
WUHDWPHQW PHWKRGV DQG GLVSRVDO RSWLRQV
7KHVH SUREOHPDWLF ZDVWHV LQFOXGH FRQWDFW
KDQGOHG P6YKU UHPRWH KDQGOHG
!P6YKUDQGPDWHULDOVFXUUHQWO\PDQDJHG
DVVSHQWQXFOHDUIXHO+DQGOLQJDQGWUHDWPHQW
RIWKHVHZDVWHVLVIXUWKHUFRPSOLFDWHGE\WKH
FRPSOH[ FRQ$?JXUDWLRQV DQG UHDFWLYH QDWXUH
RI WKH VRGLXP FRQWDLQHG ZLWKLQ WKH ZDVWH
LWHPV&ROOHFWLYHO\WKHVHPDWHULDOVUHSUHVHQW
D%OLDELOLW\IRUWKH,1/
,Q ,1/FRQWUDFWHGZLWK9HROLD1XFOHDU
6ROXWLRQVWRLQLWLDWHDSKDVHGGHPRQVWUDWLRQ
RI WKH DSSOLFDWLRQ RI *HR0HOW® ,Q&RQWDLQHU
9LWUL$?FDWLRQ WHFKQRORJ\ WR VDIHO\ FRQYHUW
VRGLXPPHWDOWRDQRQUHDFWLYHYLWUL$?HGR[LGH
IRUP DV D SRWHQWLDO WUHDWPHQW WHFKQRORJ\
IRU D ODUJH IUDFWLRQ RI LWV % UHDFWLYH
FRQWDPLQDWHGZDVWH OLDELOLW\5HDFWLYHPHWDO
ZDVWHV DW ,1/ UHTXLUH WUHDWPHQW LQ RUGHU
WR UHPRYH WKH 5HVRXUFH &RQVHUYDWLRQ
DQG 5HFRYHU\ $FW 5&5$ UHDFWLYLW\ DQG
LJQLWDELOLW\FKDUDFWHULVWLFVLQRUGHUWRFRPSO\
ZLWK ODQG GLVSRVDO UHVWULFWLRQV $ SKDVHG
DSSURDFKLQFOXGLQJFUXFLEOHEHQFKVFDOHDQG
HQJLQHHULQJVFDOH VWXGLHV ZHUH FRQGXFWHG
RQDUDQJHRIVXUURJDWHZDVWHFRQ$?JXUDWLRQV
ZLWK YDU\LQJ UDWLRV RI VRGLXP PHWDO DQG
JODVV IRUPHUV 7KH REMHFWLYH RI WKH SKDVHG
GHPRQVWUDWLRQV LQFOXGHG GHWHUPLQDWLRQ RI
VRGLXPORDGLQJIDFWRUVDQGGHPRQVWUDWLRQRI
WKH HIIHFWLYHQHVV RI *HR0HOW® ,Q&RQWDLQHU
9LWUL$?FDWLRQ WHFKQRORJ\ LQ GHDFWLYDWLRQ RI
UHDFWLYHVRGLXPPHWDO
5HVXOWV RI WKH LQLWLDO VWXGLHV GHPRQVWUDWHG
WKDW *HR0HOW® ,Q&RQWDLQHU 9LWUL$?FDWLRQ
WHFKQRORJ\ UHVXOWV LQ FRPSOHWH VRGLXP
GHDFWLYDWLRQ LQ DOO RI WKH VXUURJDWH
FRQ$?JXUDWLRQVHYDOXDWHG'XHWRWKHVXFFHVV
RI WKH LQLWLDOGHPRQVWUDWLRQV9HROLD1XFOHDU
6ROXWLRQV LQYHVWHG LQ GHSOR\LQJ D PHWULF
WRQ IXOOVFDOH *HR0HOW® ,Q&RQWDLQHU
9LWUL$?FDWLRQ V\VWHP DW 3HUPD)L[ 1RUWKZHVW
LQ 5LFKODQG :DVKLQJWRQ IRU WUHDWPHQW RI
UHDFWLYH PHWDO FRQWDPLQDWHG ZDVWH $V RI
6HSWHPEHURYHUJDOORQGUXPV
FRQWDLQLQJDWRWDORIDURXQGOERIVRGLXP
ZLWK ORZ OHYHOV RI UDGLRDFWLYLW\ KDYH EHHQ
WUHDWHGDW*HR0HOW® 5LFKODQGZLWK UHVXOWLQJ
JODVV PRQROLWKV GLVSRVHG DW WKH 1HYDGD
1DWLRQDO 6HFXULW\ 6LWH 1166 $GGLWLRQDO
*HR0HOW® GHPRQVWUDWLRQ WHVWV IRFXVHG RQ
PRUH FRPSOH[ VKDSHV DQG RWKHU UHDFWLYH
PHWDOV PRFNHG XS (%5,, VXEDVVHPEO\
VRGLXP $?OOHG KHDW H[FKDQJHU DQG D FDQ
FRQWDLQLQJ VRGLXP SRWDVVLXP DOOR\ ZHUH
SHUIRUPHGDWHQJLQHHULQJVFDOH$IXOOVFDOH
UDGLRORJLFDOGHPRQVWUDWLRQPHOWRQDQDFWXDO
(%5,,VXEDVVHPEO\ZLOOEHSHUIRUPHGLQWKH
IDOORI
7KLV SDSHU ZLOO SUHVHQW WKH UHVXOWV RI WKH
SKDVHG GHPRQVWUDWLRQ GLVFXVV WKH GHVLJQ
RI WKH *HR0HOW® 5LFKODQG V\VWHP DQG
VWUDWHJLF YDOXH RI WKH *HR0HOW® WHFKQRORJ\
LQ DGGUHVVLQJ ,1/ڕV UHDFWLYH PHWDO ZDVWH
OLDELOLW\
M. Connolly*1, R. Miklos1 and B. Campbell2
1Idaho National Laboratory, 2Veolia Nuclear Solutions
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7KHUPDOWUHDWPHQWRI,GDKR1DWLRQDO/DERUDWRU\SUREOHPDWLF
UHDFWLYHZDVWHVXVLQJ*HR0HOW® LQFRQWDLQHUYLWUL$?FDWLRQ
:RUN 3DFNDJH  :3 RI WKH 7+(5$0,1
SURMHFW SURYLGHV D IUDPHZRUN WR VXSSRUW
GHFLVLRQ PDNLQJ RQ WKH SRWHQWLDO XVH
RI WKHUPDO WHFKQRORJLHV WR WUHDW YDULRXV
UDGLRDFWLYHZDVWHV7RGRWKLVDPHWKRGRORJ\
EDVHG RQ PXOWLDWWULEXWH GHFLVLRQ DQDO\VLV
KDVEHHQGHYLVHG WR LGHQWLI\ WKHEHQH$?WVRI
DSSO\LQJ WKHUPDO WUHDWPHQW WHFKQLTXHV WR D
UDQJHRIUDGLRDFWLYHZDVWHVWUHDPV
7KH YDOXH DVVHVVPHQW PHWKRGRORJ\ XVHG
LQ 7+(5$0,1 IROORZV DQ DWWULEXWHEDVHG
DSSURDFK ZLWK WKH SRWHQWLDO EHQH$?WV RI WKH
WUHDWPHQW WHFKQRORJ\ DVVHVVHG DJDLQVW
GLIIHUHQW FULWHULD FRQVLGHULQJ SHUIRUPDQFH
RYHUWKHZKROHZDVWHPDQDJHPHQWOLIHF\FOH
IURPSUHWUHDWPHQWWKURXJKWR$?QDOGLVSRVDO
7KH DWWULEXWH JURXSV FRQVLGHUHG DUH
RSHUDWLRQDO VDIHW\ HQYLURQPHQWDO LPSDFW
LPSDFW RI GLVSRVDELOLW\ORQJ WHUP VDIHW\
LPSOHPHQWDWLRQ WLPHVFDOH WHFKQLFDO
UHDGLQHVV DQG FRVW LPSDFW 7R JXLGH WKH
GHFLVLRQ PDNHU HDFK DWWULEXWH LQ VSOLW LQWR
GDWDFDWHJRULHVVXEFULWHULDDQGDVXPPDU\
RI WRSLFV WR EH FRQVLGHUHG XQGHU HDFK
DWWULEXWHLVSURYLGHG
7KH DVVHVVPHQW DWWULEXWHV KDYH EHHQ
FRPSLOHG E\ GUDZLQJ RQ NQRZOHGJH IURP
DFURVVWKH7+(5$0,1SDUWQHURUJDQLVDWLRQV
WRPDNHWKHPDVFRPSUHKHQVLYHDVSRVVLEOH
&RQVLGHUDWLRQ LV JLYHQ WR WKH ZKROH RI WKH
ZDVWH OLIHF\FOH DQG WR GLIIHUHQW (XURSHDQ
UHJXODWRU\FRQWH[WV
A.J. Fuller*, S. Doudou, J.E. Kent, E.J. Harvey and S.M. Wickham 
Galson Sciences Ltd, 5 Grosvenor House, Melton Road, Oakham, Rutland, LE15 6AX, United Kingdom
* ajf@galson-sciences.co.uk
$VVHVVLQJWKHYDOXHRIWKHUPDO
WUHDWPHQWWHFKQRORJLHV
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'(0	0(/7,Q&DQPHOWLQJWHFKQRORJ\IRUWKHYLWUL$퐀cDWLRQRI'	'DQGUHPHGLDWLRQZDVWH
6RPHZDVWHVWUHDPVIURPGHFRPPLVVLRQLQJ
DQGGLVPDQWOLQJRSHUDWLRQVDUH LGHQWL$?HGDV
DQLVVXHLQWHUPVRIKDQGOLQJWUDQVSRUWDWLRQ
DGDSWHG FRQGLWLRQLQJ PDWUL[ RU HYDFXDWLRQ
RXWOHW ZLWKLQ WKH H[LVWLQJ UHJXODWLRQV
,Q WKLV FRQWH[W WKH '(0	0(/7 SURMHFW
FRQVRUWLXPZKLFKJDWKHUV2UDQR WKH&($
(&0 WHFKQRORJLHV DQG $QGUD LV FXUUHQWO\
TXDOLI\LQJ D UREXVW VLPSOH DQG YHUVDWLOH
,Q&DQ YLWUL$?FDWLRQ SURFHVV GHGLFDWHG WR
'	'DQG UHPHGLDWLRQZDVWH7KLVSURMHFW LV
VXSSRUWHGE\WKH)UHQFKJRYHUQPHQWSURJUDP
ژ3URJUDPPH Gڕ,QYHVWLVVHPHQWVGڕ$YHQLUڙ
7KH ,Q&DQ PHOWLQJ SURFHVV KDV DOUHDG\
EHHQ GHYHORSHG E\ WKH &($ IRU DQ LQWHUQDO
DSSOLFDWLRQ DOSKD OLTXLG ZDVWH YLWUL$?FDWLRQ
DQGFDQEHUDWHG75/
7KH '(0	0(/7 ,Q&DQ YLWUL$?FDWLRQ
SURFHVVLVGHVLJQHGIRUKLJKRULQWHUPHGLDWH
OHYHO ZDVWH DQG LV FRPSDFW HQRXJK WR EH
LPSOHPHQWHG LQ D GHFRPPLVVLRQHG FHOO
RU FORVH WR WKH ZDVWH WR EH WUHDWHG ,W LV
GHYHORSHGWR WUHDW OLTXLGDQGVROLGZDVWH WR
SURGXFHDVPDOODPRXQWRIVHFRQGDU\ZDVWH
DQG WR PLQLPL]H LQYHVWPHQW DQG RSHUDWLQJ
FRVWV7KLV,Q&DQYLWUL$?FDWLRQSURFHVVLVDOVR
GHYHORSHG ZLWK D PRGXODU GHVLJQ DQG FDQ
EH DGDSWHG UHJDUGLQJ WR QXFOHDU RSHUDWRUVڕ
QHHGVDQGUHTXLUHPHQWVLWLV$?H[LEOHHQRXJK
WR DFFRPPRGDWH XQFHUWDLQWLHV RQ ZDVWH
FRPSRVLWLRQ
7KLVSDSHUSUHVHQWVWKH'(0	0(/7,Q&DQ
YLWUL$?FDWLRQSURFHVVDQG LWVSHUIRUPDQFH IRU
D W\SLFDO '	' DQG UHPHGLDWLRQ ZDVWH WKDW
KDVDKLJK&VORDGLQJ7KHYLWUL$?FDWLRQWHVWV
UHVXOWVZLOOEHSDUWLFXODUO\GLVFXVVHGLQWHUPV
RISURFHVVSDUDPHWHUVJODVVSURSHUWLHVDQG
FDHVLXPYRODWLOLW\
8QGHU WKH DXVSLFHV RI WKH 7+(5$0,1
SURMHFWWKH*HRPHOWLQFRQWDLQHUYLWUL$?FDWLRQ
,&9 PHOWHU V\VWHP LQVWDOOHG LQ WKH 11/
&HQWUDO /DE KDV EHHQ XVHG WR GHPRQVWUDWH
WKHLPPRELOLVDWLRQRIWZRVXUURJDWHIHHGV
7KHVWUHDPVVHOHFWHGIRUGHPRQVWUDWLRQDUHD
FHPHQWLWLRXVVWUHDPUHSUHVHQWDWLYHRIOHJDF\
VHD GLVSRVDO GUXPV RU IDLOLQJ FHPHQWHG
ZDVWHVSDFNDJHVDQGDVOXGJHVWUHDPPDGH
XSRI D VXUURJDWH IRU0DJQR[VWRUDJHSRQG
VOXGJH FRPELQHG ZLWK DQRWKHU VXUURJDWH
ZDVWH FOLQRSWLOROLWH DQ LRQ H[FKDQJHU DV D
ZD\RIGHPRQVWUDWLQJFRLPPRELOLVDWLRQ
7ZR NH\ $?VVLRQ SURGXFWV RI LQWHUHVW LQ
LQWHUPHGLDWHOHYHO ZDVWH ,/: VWUHDPV DUH
UDGLRDFWLYH FDHVLXP DQG VWURQWLXP 7KH
FHPHQWLWLRXV VWUHDPZDVGRVHGZLWK0%T
RI&VDQGWKHVOXGJHVWUHDP0%TRI
&V DQG0%T RI 6U ERWK VXI$?FLHQW
WRDVVHVVWKHGHFRQWDPLQDWLRQIDFWRUV')V
DFURVVWKH*HR0HOWSURFHVV
*HRPHOW LVDEDWFKSURFHVV LQZKLFKDFDVW
UHIUDFWRU\ ER[ &5% LV XVHG ERWK DV PHOW
YHVVHODQGGLVSRVDOFRQWDLQPHQW%DWFKHVRI
WKHZDVWHVXUURJDWHDQGJODVVIRUPHUVZHUH
LQWURGXFHG LQWR WKH &5% DQG SRVLWLRQHG LQ
WKH*HRPHOW ULJ$VWDUWHUSDWKZDVXVHG WR
EHJLQWKHPHOWDQGWKHSRZHUZDVJUDGXDOO\
LQFUHDVHG XQWLO WKH WDUJHW WHPSHUDWXUH ZDV
UHDFKHG )ROORZLQJ WLPH KHOG DW WKH WDUJHW
WHPSHUDWXUH SRZHU WR WKH PHOW ZDV FXW
DQG LW ZDV DOORZHG WR FRRO 7KH &5% ZDV
WKHQ UHPRYHG IURP WKH ULJ DQG WKH EORFN
ZDV GULOOHG WR WDNH FRUHV IRU DQDO\VLV DQG
FKDUDFWHULVDWLRQ
 
*DPPD VFDQV ZHUH FDUULHG RXW RQ WKH
VDPSOHV DV ZHOO DV FRQYHQWLRQDO DQDO\VLV
7KHGLVWULEXWLRQRIZDVWHVSHFLHVWKURXJKRXW
WKHEORFNZHUH WKHQDVVHVVHG WRGHWHUPLQH
WKH HI$?FDF\ RI WKH PL[LQJ RQ WKH PHOW
$QDO\VLVRIVDPSOHVIURPWKHRIIJDVV\VWHP
ZDV FDUULHG RXW WR HVWDEOLVKHG ')V DFURVV
WKHSURFHVV
7KHSUHVHQWDWLRQZLOORXWOLQHWKHSURFHVVVHW
XS SURYLGH RSHUDWLRQDO GDWD IURP WKH PHOW
DQGGLVFXVVWKHDQDO\VLVUHVXOWVFRQFOXGLQJ
ZLWKDQDVVHVVPHQWRIWKHDSSOLFDELOLW\RIWKH
WULDOV UHVXOWV WR WKHUPDO WUHDWPHQW RI WKHVH
DQGVLPLODUZDVWHV
C.R. Scales*, S. Clarke, J. Roe, N. Patel
National Nuclear Laboratory (NNL) 
* charlie.r.scales@uknnl.com
$FWLYHGHPRQVWUDWLRQRIWKHWKHUPDOWUHDWPHQWRIVXUURJDWH
VOXGJHDQGVXUURJDWHVHDGXPSGUXPVXVLQJWKH*HRPHOW
,&9PHOWHULQVWDOOHGLQWKH11/&HQWUDO/DERUDWRU\
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7KH ,Q&DQ 0HOWHU LV D PHWDOOLF FUXFLEOH
KHDWHGLQDUHIUDFWRU\IXUQDFHXVLQJHOHFWULFDO
UHVLVWRUV DOORZLQJ LQFRQWDLQHU YLWUL$?FDWLRQ
7KH,Q&DQ0HOWHUWULDODLPVWRGHPRQVWUDWH
WKHIHDVLELOLW\RIWKHFRQ$?QHPHQWLQDJODVV\
PDWUL[RIDVKFRPLQJIURPH[LVWLQJLQFLQHUDWLRQ
SURFHVVHV 7KH DVK ZDV SHOOHWLVHG WR DOORZ
-+&0 WHFKQRORJ\ KDV EHHQ GHSOR\HG LQ
QXPHURXV ORFDWLRQV DFURVV WKH JOREH WR
YLWULI\ DQG VWDELOL]H KLJK OHYHO UDGLRDFWLYH
ZDVWHV  7KH WHFKQRORJ\ KDV EHHQ SURYHQ
WREHUREXVWDQG$?H[LEOHIRUDZLGHUDQJHRI
+/: FKDUDFWHULVWLFV DFLGLFFDXVWLF OLTXLG
VOXUU\DQGKLJKORZIXHOEXUQXSZDVWHRULJLQ
:LWK LQWURGXFWLRQ RI EXEEOLQJ WHFKQRORJ\
WR-+&0V LQ WKHڕV-+&0VKDYHEHHQ
HYDOXDWHG DQG GHSOR\HG DV DQ HFRQRPLF
DQG VDIH DOWHUQDWLYH WR VWDELOL]H ORZ DQG
LQWHUPHGLDWHOHYHOUDGLRDFWLYHZDVWHV7KLV
SDSHUUHYLHZV-+&0WHFKQRORJ\DSSOLFDWLRQV
IRU ORZHU DFWLYLW\ ZDVWHV ZKHUH YROXPH
UHGXFWLRQ ZDVWH IRUP TXDOLW\ DQG SURMHFW
LWV LQWURGXFWLRQ LQWR WKH FDQ ZLWKRXW GXVW
HPLVVLRQVDQGWKHQLQFRUSRUDWHGLQDZW
ZDVWH ORDGLQJ FRQ$?QHPHQW PDWUL[ 7KH IXOO
VFDOH WULDOZDVSUHFHGHGE\ ODERUDWRU\DQG
EHQFKVFDOH WHVWV 7KH PLFURVWUXFWXUH DQG
FKHPLFDO GXUDELOLW\ RI WKH ZDVWHIRUP ZHUH
FKDUDFWHULVHG
HFRQRPLFVZHUHNH\DWWULEXWHVIRUWHFKQRORJ\
DGRSWLRQ 7KHVH DSSOLFDWLRQV LQFOXGH WKH
6DYDQQDK 5LYHU 0$UHD ZDVWH VWDELOL]DWLRQ
SURMHFW WKH /RZ $FWLYLW\ :DVWH YLWUL$?FDWLRQ
IDFLOLW\ DW +DQIRUGڕV :DVWH 7UHDWPHQW DQG
,PPRELOL]DWLRQ3ODQWDQGUHFHQWWHVWLQJZLWK
-+&0WHFKQRORJ\IRUWKHSRWHQWLDOWUHDWPHQW
RI,/:VOXGJHVDWWKH6HOOD$?HOG6LWH
M. Fournier*, N. Massoni and J.F. Hollebecque (relates to presentation by N. Massoni)
CEA, DEN, DE2D, Univ. Montpellier, Marcoule, F-30207 Bagnols-sur-Cèze
* maxime.fournier@cea.fr
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,Q&DQYLWUL$퐀cDWLRQ
of ash
9LWUL$퐀cDWLRQRI/RZDQG,QWHUPHGLDWH/HYHO:DVWHVXVLQJ
-RXOH+HDWHG&HUDPLF0HOWHU-+&07HFKQRORJ\
7KH RSHUDWLRQ DQG PDLQWHQDQFH RI QXFOHDU
SRZHUSODQWVWKHQRQQXFOHDUIXHOF\FOHHWF
JHQHUDWH ORZOHYHO UDGLRDFWLYH ZDVWH ZKLFK
DORQJ ZLWK WKH KLVWRULFDO UDGLRDFWLYH ZDVWH
IURP SDVW QXFOHDU DFWLYLWLHV QHHGV WR EH
WUHDWHG DQG VWRUHG DZDLWLQJ $?QDO GLVSRVDO
3ODVPD WHFKQRORJ\ RIIHUV D YHU\ HIIHFWLYH
ZD\RIWUHDWLQJWKLVZDVWHZLWKDKLJKYROXPH
UHGXFWLRQ IDFWRU 95) IUHH IURP RUJDQLFV
OLTXLGV DQG PRLVWXUH DQG PHHWV ZLWKRXW D
GRXEWWKHDFFHSWDQFHFULWHULDIRUVDIHVWRUDJH
DQG GLVSRVDO %\ PHDQV RI D SODVPD EHDP
RI DSSUR[LPDWHO\ r& WKH LQRUJDQLF
PDWHULDOV DUH PHOWHG LQWR D JODVV\ VODJ
FRQWDLQLQJ PRVW RI WKH UDGLRDFWLYH LVRWRSHV
ZKLOHWKHRUJDQLFPDWHULDOLVJDVL$?HGR[LGL]HG
DQGSXUL$?HGLQDQRIIJDVFOHDQLQJV\VWHP
)LUVW WKH SDSHU GHVFULEHV WKH QHZ IXOO
VFDOH 3ODVPD 0HOWLQJ )DFLOLW\ 30) DW WKH
.R]ORGX\ 1XFOHDU 3RZHU 3ODQW LQ %XOJDULD
ZKLFK ZDV WDNHQ LQ QXFOHDU RSHUDWLRQ LQ
0D\7KHSODQW KDVD FDSDFLW\ RI 
WRQV SHU \HDU DQG WKH PD[LPXP FRQWDFW
GRVHUDWHVRIWKHLQFRPLQJZDVWHLVP6YK
'LIIHUHQW PL[WXUHV RI UDGLRDFWLYH ZDVWH
SDFNHG LQ O GUXPV ZHUH VXFFHVVIXOO\
WUHDWHG UHVXOWLQJ LQ D JODVV\ VODJ IUHH IURP
OLTXLGVDQGRUJDQLFPDWHULDOZLWKDQLPSRUWDQW
YROXPH UHGXFWLRQ IDFWRU 95) 7KH 3URMHFW
ZDVFR$?QDQFHGWKURXJKDJUDQWE\.R]ORGX\
,QWHUQDWLRQDO'HFRPPLVVLRQLQJIXQG.,'6)
DGPLQLVWUDWHGE\WKH(%5'WKURXJK%XOJDULDQ
QDWLRQDOIXQGLQJ
3ODVPDLVDVXLWDEOHWHFKQRORJ\IRUWUHDWPHQW
RISUREOHPDWLFZDVWHRUHYHQUHFRQGLWLRQLQJ
ZDVWH VR %HOJRSURFHVV ZDV FRQWUDFWHG WR
GR SODVPD WHVWV ZLWK VLPXODWHG FRQGLWLRQHG
ZDVWHW\SHV2QHFDQGRWHVWVRQDODERUDWRU\
VFDOH RQ VPDOOHU VDPSOHV DQG WRUFK
FDSDFLWLHV RI HJ N: EXW %HOJRSURFHVV
ZDQWHG WR GR PRUH UHDOLVWLF DQG UHOLDEOH
WHVWV 6R %HOJRSURFHVV FRQWUDFWHG 3KRHQL[
6ROXWLRQV&RZKRKDVDIXOOVFRSHWHVWIDFLOLW\
HTXLSSHG ZLWK D N: SODVPD WRUFK IRU
IXOOVFRSHWUHDWPHQWRIVLPXODWHGFRQGLWLRQHG
ZDVWH
)RU D $?UVW FRQ$?GHQWLDO FRQWUDFW VLPXODWHG
OJDOORQELWXPHQGUXPVZHUHWUHDWHG
7KH GUXPV FRQWDLQHG GLIIHUHQW SXFNV RI
FRPSDFWHGZDVWHVXFKDVUDJVXVHG$?OWHUV
JUDQXODWHV HWF 7KH SXFNV ZHUH VWDFNHG LQ
WKHOGUXPVDQGVXEVHTXHQWO\HPEHGGHG
ZLWK ELWXPHQ $ WRWDO RI  GUXPV ZHUH
WUHDWHG LQ WKH SODVPD IDFLOLW\ )RU D VHFRQG
FRQWUDFW VLPXODWHG KRPRJHQHRXV O 
JDOORQFRQFUHWHGUXPVZLWKRQWKHRQHKDQG
FRQFHQWUDWHV DQG RQ WKH RWKHU KDQG VSHQW
UHVLQVZHUHVHOHFWHG$WRWDORIGUXPVZLWK
FRQFUHWHDQGVSHQWUHVLQVZHUH WUHDWHGDQG
PHOWHG LQ WKH SODVPD WHVWLQJ IDFLOLW\ 7KH
SDSHU GHVFULEHV WKH WHVW IDFLOLW\ YROXPH
UHGXFWLRQ IDFWRU 95) RI GLIIHUHQW ZDVWH
VWUHDPVDQGPRVWLPSRUWDQWSDUDPHWHUV
J. Deckers
Belgoprocess (Belgium)
jan.deckers@belgoprocess.be
3ODVPDWHFKQRORJ\WRUHFRQGLWLRQUDGLRDFWLYHZDVWHWHVWV
ZLWKVLPXODWHGELWXPHQDQGFRQFUHWHLQDSODVPDWHVWIDFLOLW\
20
2322
+RW ,VRVWDWLF 3UHVVLQJ +,3LQJ LV D EDWFK
SURFHVVWKHUPDOWUHDWPHQWWHFKQRORJ\ZKHUH
ZDVWHV DUH KHDWHG DQG FRPSUHVVHG ZLWKLQ
D VHDOHG VWDLQOHVVVWHHO FDQLVWHU W\SLFDOO\
UHVXOWLQJ LQ GXUDEOH KLJK GHQVLW\ FHUDPLFV
RU JODVVHV ZLWK PLQLPDO ORVV RI YRODWLOH
HOHPHQWV DQG DFFRXQWDELOLW\ RI DFWLYH
LQYHQWRULHV 7KH 8QLYHUVLW\ RI 6KHI$?HOG KDV
D VPDOOVFDOH UHVHDUFK +,3 ZLWK FDSDELOLW\
WR SURFHVV VLPXODQW ZDVWHIRUPV FRQWDLQLQJ
UDGLRDFWLYH PDWHULDOV WR KHOS XQGHUSLQ
ODUJHUVFDOH LQGXVWULDO DSSOLFDWLRQV RI WKLV
WHFKQRORJ\ ,W ZDV XQGHU WKLV UHPLW WKDW D
VHULHVRI WULDOVZHUHXQGHUWDNHQ WRSURGXFH
VPDOO VLPXODQW UDGLRDFWLYH ZDVWHIRUPV
LQFRUSRUDWLQJSUREOHPDWLF8.ZDVWHVWUHDPV
VXFK DV 0DJQR[ VOXGJHV DQG FOLQRSWLOROLWH
LRQH[FKDQJHPDWHULDO
(DFKWULDOZDVVXFFHVVIXOO\EDWFKHGVHDOHG
DQG +,3HG DW r& UHVXOWLQJ LQ VROLGL$?HG
SURGXFWV HQWLUHO\ FRQWDLQHG ZLWKLQ WKH
VWHHO +,3 FDQLVWHUV 7KH DELOLW\ WR VDIHO\
SURGXFHDFWLYHZDVWHIRUPVZLWKLQ WKH VDPH
IDFLOLW\YDOLGDWHV WKHDFWLYH IXUQDFH LVRODWLRQ
FKDPEHU$),&V\VWHP2YHUDOOWKHVXFFHVV
RI WKHVH WULDOV GHPRQVWUDWHV WKH DELOLW\ RI
VPDOOHU UHVHDUFK +,3 IDFLOLWLHV WR EXLOG XS
WKH VFLHQWL$?F DQG WHFKQLFDO FDVH IRU IXUWKHU
LPSOHPHQWDWLRQRI+,3WHFKQRORJ\DVDYLDEOH
ZDVWHWUHDWPHQWRSWLRQ
L.J. Gardner, S.A. Walling and N.C. Hyatt*
NucleUS Immobilisation Science Laboratory, Department of Materials Science and Engineering, 
University of Sheield, Mappin Street, Sheield, S1 3JD, UK
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+RWLVRVWDWLFSUHVVLQJWKHUPDOWUHDWPHQWWULDOV
RIVLPXODQWLQDFWLYHDQGUDGLRDFWLYH8.,/:
7KH QXFOHDU LQGXVWU\ DV ZHOO DV KRVSLWDOV
DQG VRPH UHVHDUFK ODERUDWRULHV SURGXFH
5DGLRDFWLYH 2UJDQLF /LTXLG :DVWH 52/:
VXFK DV VFLQWLOODWLRQ FRFNWDLOV IRU PHGLFDO
LPDJLQJ UDGLRODEHOOHG PROHFXOHV IRU PHGLFDO
UHVHDUFK RU OLTXLGV IURP IRUPHU DFWLYLWLHV ,Q
RUGHU WREHFRPSDWLEOHZLWKGLVSRVDO IDFLOLWLHVڕ
UHTXLUHPHQWV WKLV ZDVWH PXVW EH LQHUWHG DQG
VWDELOL]HGLQDVROLGPDWUL[
7KHURXWHJHQHUDOO\XVHG LV LQFLQHUDWLRQ LQWKH
&HQWUDFR IDFLOLWLHV ZLWK WKH DVKHV SURGXFHG
EHLQJFHPHQWHGGRZQVWUHDP+RZHYHUOLTXLGV
ZKRVHFKHPLFDORU UDGLRORJLFDOFKDUDFWHULVWLFV
DUH QRW FRPSDWLEOH ZLWK WKH LQFLQHUDWRU
RSHUDWLQJ UXOHV KLJK OHYHO RI 14& RU KDORJHQ
FRQWHQW FRUURVLYHJDVSURGXFWLRQHWFFDQQRW
IROORZWKLVSDWK
7KHSXUSRVHRIWKH0,/25SURMHFWLVWRSURSRVH
DOWHUQDWLYH SDWKV WR WUHDW DOO NLQGV RI 52/:
,QLWLDWHG LQ 6HSWHPEHU  WKLV SURMHFW KDV
WKH WHFKQLFDO REMHFWLYH RI GHYHORSLQJ RYHU D
IRXU\HDUSHULRG WZRSLORWVFDOHPLQHUDOL]DWLRQ
SURFHVVHV 7ZR YDULDQWV RI FRPSOHPHQWDU\
SODVPD WHFKQRORJLHV DUH HYDOXDWHG DHULDO
SODVPD DQG VXEPHUJHG SODVPD SURFHVVHV
&RPSDUHG ZLWK RWKHU PHWKRGV WKHUPDO
SODVPD KDV XQLTXH FKDUDFWHULVWLFV VXFK DV
UDSLG GHFRPSRVLWLRQ ZLWK KLJK WKURXJKSXW
IDVW VWDUWXS DQG VKXWGRZQ DQG KLJKHQHUJ\
GHOLYHU\
7KH DHULDO SURFHVV FRQVLVWV RI DQ LQGXFWLRQ
SODVPD LQWR ZKLFK WKH OLTXLGV DUH GLUHFWO\
LQWURGXFHG,WKDVEHHQGHVLJQHGIRUWUHDWPHQW
UDWHV OHVV WKDQ OK6SHFL$?FJDV WUHDWPHQW
V\VWHPVKDYHEHHQGHYHORSHGWRGLUHFWWKHJDV
SURGXFHGWRDGU\RUZHWJDVWUHDWPHQWV\VWHP
2QH DLP RI WKH SURMHFW LV WR VXEVHTXHQWO\
LQVWDOOWKHSURFHVVLQDUDGLRDFWLYH]RQHDW&($
)XQGDPHQWDO5HVHDUFK'LYLVLRQ
7KH VHFRQG SURFHVV LQYROYHV D VXEPHUJHG
SODVPDDWWKHKHDUWRIZKLFKRUJDQLFOLTXLGVDUH
LQWURGXFHG&XUUHQWUHVHDUFKKDVGHPRQVWUDWHG
WKDW VXFK D WHFKQLTXH PD\ HQDEOH WKH
LQVWDQWDQHRXV DQG FRPSOHWH GHVWUXFWLRQ
RI OLTXLGV ZLWK D ZLGH YDULHW\ RI FKDOOHQJLQJ
FRQVWLWXHQWV VXFK DV FKORULQH $?XRULQH RU
SKRVSKRUXV 7KH VXEPHUVLRQ VROXWLRQ RIIHUV
PDQ\ DGYDQWDJHV TXHQFKLQJ DQG FOHDQLQJ RI
FRPEXVWLRQJDVHV$?OWHULQJRIWKHSDUWLFOHVWKH\
FRQWDLQDQGFRROLQJRIWKHHQWLUHSURFHVVZKLFK
JXDUDQWHHV H[FHOOHQW FRUURVLRQ FRQWURO $Q
DGYDQWDJHRIWKLVW\SHRIGHVLJQLVWKDWWKHJDV
WUHDWPHQWV\VWHPFDQEHUHGXFHGWRDGHPLVWHU
FRQGHQVHU IROORZHG E\ D VLPSOH VDIHW\ $?OWHU
WKHUHE\RIIHULQJWKHDGGLWLRQDODGYDQWDJHRIDQ
H[WUHPHO\FRPSDFWWUHDWPHQWV\VWHP
7KH 0,/25 SURMHFW $?QDQFHG E\ WKH )UHQFK
6WDWH WKURXJK DQ LQYHVWPHQW SURJUDPPH LV
D WULSDUWLWH SURMHFW EULQJLQJ WRJHWKHU $QGUD
LQ FKDUJH RI UDGLRDFWLYH ZDVWH PDQDJHPHQW
WKH &($ LQ FKDUJH RI OHDGLQJ VFLHQWL$?F DQG
WHFKQRORJLFDO UHVHDUFKHV DQG WKH FRPSDQ\
$L ZKRVH UROH LV WR HQVXUH WKH VXEVHTXHQW
LQGXVWULDOGHYHORSPHQW
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)UHQFKLQQRYDWLYHWKHUPDOWUHDWPHQWSURFHVVHVIRU
WKHPDQDJHPHQWRIUDGLRDFWLYHRUJDQLFOLTXLGZDVWH
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977 KDV GHYHORSHG D JDVL$?FDWLRQ
EDVHG WHFKQRORJ\ IRU SURFHVVLQJ ORZ DQG
LQWHUPHGLDWH OHYHO ZDVWH /,/: ULFK LQ
RUJDQLFPDWWHUSULRUGLVSRVDO977ڕVSURFHVV
LVEDVHGRQZHOOFRQWUROOHGWKHUPDO$픀uLGLVHG
EHG JDVL$?FDWLRQ IROORZHG E\ HI$?FLHQW JDV
FOHDQLQJ JDV FRQGLWLRQLQJR[LGDWLRQ ZHW
VFUXEELQJRIWKHR[LGLVHGJDV$?XHJDVDQG
$?QDOO\DKLJKHI$?FLHQF\SDUWLFXODWHDLU+(3$
$?OWHU ZKLFK DFWV DV D EDFNXS FOHDQLQJ
V\VWHP
,Q WKH FDVH RI DQ RUJDQLF LRQ H[FKDQJH
UHVLQ,;5WKHSULPDU\SURGXFWIURPWKHUPDO
JDVL$?FDWLRQ LV $?QH $?OWHU GXVW ,Q DGGLWLRQ
WKH SURFHVV SURGXFHV VRPH ERWWRP DVK
ZKLFK FRQVLVWV PDLQO\ RI WKH EHG PDWHULDO
7KH ZHW VFUXEEHU OLTXLG PD\ DOVR FRQWDLQ
VRPH DFWLYLW\ )LOWHU GXVW DQG ERWWRP DVK
DUH SRZGHU\ DQG WKHUHIRUH WKH\ KDYH WR
EH LPPRELOLVHG EHIRUH $?QDO GLVSRVDO 977
KDV SUHYLRXVO\ GHYHORSHG DQ DGYDQFHG
LPPRELOLVDWLRQ WHFKQRORJ\ EDVHG RQ
JHRSRO\PHULVDWLRQDQGWKLVLVDSSOLHGDOVRIRU
WKHVDPSOHVIURPWKH7+(5$0,1WHVWWULDOV
'HPRQVWUDWLRQ WULDOV ZHUH FDUULHG RXW
ZLWK XQVSHQW RUJDQLF ,;5 FRQWDLQLQJ D
VPDOO DPRXQW RI DGGHG VWDEOH &V LQ RUGHU
WR VLPXODWH &V FRQWHQW LQ VSHQW ,;5
*DVL$?FDWLRQWHVWVFRQ$?UPHGWKHFDSDELOLW\RI
WKH SURFHVV WR UHPRYH RUJDQLF PDWWHU IURP
WKH ,;5 DQG FOHDQ WKH UHVXOWLQJ RIIJDV DV
UHTXLUHG,Q7+(5$0,1WHVWWULDOVVLPXODWHG
ZDVWH ,;5 ZDV UHGXFHG WR DERXW  ZW
RI LWV RULJLQDO PDVV EHIRUH LPPRELOLVDWLRQ
977ڕV WHFKQRORJ\ KDV EHHQ GHVLJQHG DV D
FRPSDFW SURFHVV ZKLFK FDQ EH RSHUDWHG
DW WKH QXFOHDU SRZHU SODQW VLWH 8QWLO QRZ
DOO WKH GHYHORSPHQW DQG YHUL$?FDWLRQ WHVW
WULDOVKDYHEHHQGRQHXVLQJVLPXODWHGZDVWH
PDWHULDOV 1H[W VWHS RI WKH GHYHORSPHQW LV
WKH GHPRQVWUDWLRQ RI WKH SURFHVV ZLWK UHDO
UDGLRDFWLYHZDVWH
M. Nieminen*, J. Laatikainen-Luntama and M. Olin
VTT Technical Research Centre of Finland Ltd., P.O.Box 1000, FI-02044 VTT, Finland
* matti.nieminen@vtt.i
*DVL$퐀cDWLRQEDVHGWKHUPDOWUHDWPHQWRI
/RZDQG,QWHUPHGLDWH/HYHO:DVWH
8QGHU WKH(87+(5$0,1SURMHFW WKH11/
KRW LVRVWDWLF SUHVV +,3 DW WKH :RUNLQJWRQ
ODERUDWRU\ KDV EHHQ XVHG WR GHPRQVWUDWH
WKH LPPRELOLVDWLRQ RI VOXGJH ZDVWHV 7KLV
GHPRQVWUDWLRQZDVFDUULHGRXWDWOLWUHVFDOH
DQGZDVFDUULHGRXWLQFROODERUDWLRQZLWKWKH
8QLYHUVLW\RI6KHI$?HOGZKRDUHFRQGXFWLQJODE
VFDOHWULDOV7KRVHWULDOVDUHEHLQJSUHVHQWHG
LQ DQ DFFRPSDQ\LQJ SUHVHQWDWLRQ 7KH
FRPELQHG RXWSXW ZLOO GHPRQVWUDWH WKDW GDWD
REWDLQHG LQ WKH ODERUDWRU\FDQEHUHSOLFDWHG
DWDODUJHUVFDOH
7ZR WULDOV XVLQJ +,3 ZHUH FDUULHG RXW
ZLWK VXUURJDWH 0DJQR[ VOXGJH DQG LRQ
H[FKDQJH PDWHULDO FOLQRSWLOROLWH WKH DLP
WR GHPRQVWUDWH WKH LPPRELOLVDWLRQ RI WKH
ZDVWHVLQDJODVVFHUDPLFFRPSRVLWHPDWUL[
9DULDWLRQV LQ WKH UHFLSHEHWZHHQ WULDOVZHUH
PDGHWRH[SORUHWKHHIIHFWRIDGGLWLRQDOJODVV
IRUPHUVRQZDVWHIRUPGHYHORSPHQW
,QRUGHUWRSUHSDUHPDWHULDOIRU+,3SLQJWKH
IHHGVZHUH$?UVWFDOFLQHGDWr&IRUKRXUV
WR UHPRYH ZDWHU DQG DQ\ RWKHU YRODWLOHV
)ROORZLQJFDQ$?OOLQJDQGEDNHRXW WKHFDQV
ZHUH VHDOHG DQG HDFK FDQ EH ORDGHG LQWR
WKH+,3DQGVXEMHFW WRD WDUJHW SUHVVXUHRI
03DDWDSHDNWHPSHUDWXUHRIr&IRU
KRXUVLQWZRVHSDUDWH+,3UXQV
)ROORZLQJ WKH +,3 F\FOH WKH +,3 ZDV
XQORDGHG DQG WKH +,3 FDQV UHPRYHG $
YLVXDOREVHUYDWLRQYHUL$?HGWKDWWKHFDQVKDG
FRQVROLGDWHG DV H[SHFWHG 7KH FDQV ZHUH
VHFWLRQHG DQG WKH PDWHULDO UHPRYHG IRU
DQDO\VLV
7KLVSUHVHQWDWLRQZLOORXWOLQHWKHSURFHVVVHW
XS SURYLGH RSHUDWLRQDO GDWD IURP WKH +,3
WULDOVDQGDQDVVHVVPHQWRIWKHDSSOLFDELOLW\
RIWKHWULDOVUHVXOWVWRWKHWKHUPDOWUHDWPHQWRI
WKHVHDQGVLPLODUZDVWHV
C.R. Scales* and E.R. Maddrell
National Nuclear Laboratory
* charlie.r.scales@uknnl.com
3LORWVFDOHGHPRQVWUDWLRQRIWKHXVHRIKRWLVRVWDWLFSUHVVLQJ
+,3IRUWKHLPPRELOLVDWLRQRIVOXGJHDQGFHPHQWHGZDVWHV
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&KDUDFWHULVDWLRQRIFRPL[HG+,3
ZDVWHIRUPVIRUPDJQHVLXPULFKPDWHULDO
&RPL[HG VLPXODQW ZDVWHIRUPV FRQVLVWLQJ
RI FDOFLQHG 0DJQR[ VOXGJH VLPXODQW DQG
FOLQRSWLOROLWHZLWKDGGLWLRQVRIDJODVVIRUPLQJ
IULWDQG&H2
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ZHUHSURFHVVHGXVLQJ
+RW,VRVWDWLF3UHVVLQJ+,37KLVHQDEOHGWKH
SURGXFWLRQ RI KLJK ZDVWH ORDGHG PDWHULDOV
ZLWK WKH VXFFHVVIXO LQFRUSRUDWLRQ RI ERWK
VLPXODQW DQG DFWLYH PDWHULDO 7KHVH IRUPHG
KHWHURJHQHRXVJODVVFHUDPLFSURGXFWVZLWK
GHFRPSRVLWLRQ RI UDZ PDWHULDOV DQG VRPH
YLWUHRXV SKDVH IRUPDWLRQ 7KH DTXHRXV
GXUDELOLW\ RI WKHVH PDWHULDOV ZDV DVVHVVHG
RYHU D GD\ SHULRG XVLQJ D PRGL$?HG
3&7 WHVW DQG IDYRXUDEO\ FRPSDUHG WR WKH
GXUDELOLW\ RI DQ LQWHUQDWLRQDO JODVV 2YHUDOO
WKLVYHUL$?HVWKHSRWHQWLDO IRU+,3WHFKQRORJ\
IRU XVDJH LQ ZDVWHIRUP SURGXFWLRQ ZLWK
SRWHQWLDO ODUJH UHGXFWLRQV LQ ZDVWH YROXPH
HVSHFLDOO\LIFRPL[HGZDVWHVDUHFRQVLGHUHG
7KH SRWHQWLDO WR JHQHUDWH ZDVWHIRUPV ZLWK
HQKDQFHG SURSHUWLHV WKDW VXSSRUW VDIH
VWRUDJHDQGGLVSRVDOLVRQHRIWKHNH\IDFWRUV
GULYLQJ WKHUPDO WUHDWPHQW RI UDGLRDFWLYH
ZDVWH'HSHQGLQJRQ WKHVSHFL$?F WUHDWPHQW
PHWKRG DQG ZDVWH VXEVWUDWH WKHUPDO
WUHDWPHQW FDQ JUHDWO\ UHGXFH FKHPLFDO
UHDFWLYLW\ \LHOGLQJ D SULPDU\ SURGXFW WKDW LV
PRUH GXUDEOH WKDQ ZDVWHIRUPV SURGXFHG
YLD QRQWKHUPDO URXWHV DQG ZLWK UHGXFHG
SRWHQWLDO IRU JDV JHQHUDWLRQ DQG RWKHU
GHWULPHQWDOEHKDYLRXULQDVWRUDJHGLVSRVDO
HQYLURQPHQW 2Q WKH RWKHU KDQG WKHUPDO
WUHDWPHQW FDQ FRQFHQWUDWH UDGLRDFWLYLW\
LQWR D VPDOOHU YROXPH SRWHQWLDOO\ DIIHFWLQJ
ZDVWH KDQGOLQJ DQG  RU FODVVL$?FDWLRQ ,W
DOVR JHQHUDWHV VHFRQGDU\ ZDVWHV ZKRVH
PDQDJHPHQW UHTXLUHVFRQVLGHUDWLRQDVSDUW
RIDKROLVWLFHYDOXDWLRQRIWKHUPDOWUHDWPHQW
0RUHRYHUVRPHWKHUPDOWUHDWPHQWURXWHVGR
QRWJHQHUDWHDSULPDU\SURGXFWWKDWLVGLUHFWO\
GLVSRVDEOHZLWKRXWIXUWKHUFRQGLWLRQLQJ
*HQHULF GLVSRVDELOLW\ FULWHULD KDYH EHHQ
GHULYHG WKDW FDQ EH XVHG WR HYDOXDWH WKH
SULPDU\ SURGXFWV IURP DQ\ IRUP RI WKHUPDO
WUHDWPHQW 7KHVH JHQHULF GLVSRVDELOLW\
FULWHULDKLJKOLJKWWKHIDFWRUVWKDWDUHUHOHYDQW
IRUZDVWHSURGXFWGLVSRVDELOLW\DQGWKHZD\V
LQ ZKLFK WKHUPDO WUHDWPHQW FDQ LPSDFW RQ
WKHVHIDFWRUVERWKSRVLWLYHO\DQGQHJDWLYHO\
7KH\DUHHTXDOO\DSSOLFDEOHWRDQ\SDFNDJLQJ
RU GLVSRVDO FRQFHSW UHJDUGOHVV RI WKH
HQJLQHHUHG EDUULHUV WKDW DUH SUHVHQW DQG
LQ DQ\ GLVSRVDO HQYLURQPHQW UHJDUGOHVV
RI LWV FKDUDFWHULVWLFV DQG WKH QDWXUH RI WKH
KRVW URFN  JHRORJ\ 7KH\ FRXOG DLG ZDVWH
PDQDJHPHQW RUJDQLVDWLRQV LQ GHYHORSLQJ
WKHLU RZQ GLVSRVDELOLW\ FULWHULD WDLORUHG WR D
SDUWLFXODUFRQWH[W IRUDSSOLFDWLRQ LQQDWLRQDO
ZDVWHPDQDJHPHQWSURJUDPPHV
E.J. Harvey*1, D.A. Galson1, S. Catherin2, M-A. Romero3, M. Fournier4, A.J. Fuller1, S.M. Wickham1
1Galson Sciences Ltd, 
2EDF Cyclife, formerly ANDRA
3ANDRA1/7 Rue Jean-Monnet, 92298 Châtenay-Malabry, Paris, France
4CEA, DEN, DE2D, Univ. Montpellier, Marcoule, France
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'HYHORSPHQWRIJHQHULFFULWHULDIRUHYDOXDWLQJ
WKHGLVSRVDELOLW\RIWKHUPDOO\WUHDWHGZDVWHV
2928
$ FRPELQDWLRQ RI JDVL$?FDWLRQ RI ORZ DQG
LQWHUPHGLDWH OHYHO UDGLRDFWLYH ZDVWH /,/:
DQG FRQGLWLRQLQJ RI WKH UHVXOWLQJ SURGXFW
ZLWKLQ D JHRSRO\PHU PDWUL[ LV D SRWHQWLDO
DOWHUQDWLYH IRU YLWUL$?FDWLRQ WHFKQRORJLHV DV
DQ LPPRELOLVDWLRQ PHWKRG *HRSRO\PHU
PDWUL[HV KDYH GHPRQVWUDWHG JRRG UHWHQWLRQ
FDSDELOLW\IRUUDGLRQXFOLGHVLQPXOWLSOHVWXGLHV
DQG WKH WHFKQRORJ\ KDV EHHQ LPSOHPHQWHG
LQDQLQGXVWULDOVFDOHLQ6ORYDNLDDQG&]HFK
5HSXEOLF +RZHYHU WKH SUDFWLFDO ZDVWH
ORDGLQJKDVEHHQ OLPLWHGE\ WKHPHFKDQLFDO
SURSHUWLHVRIWKHHQFDSVXODWHGPDWUL[
(YHQDVPDOODPRXQWRI LRQH[FKDQJH UHVLQ
,;5 GHFUHDVHV WKH VWUHQJWK RI WKH PDWUL[
DQGFRKHVLRQRI WKHPDWUL[ LV ORVWZKHQ WKH
IUDFWLRQRIUHVLQH[FHHGV
,QWKHVWXG\SRWHQWLDOWRFRPELQHJDVL$?FDWLRQ
DV WKHUPDO WUHDWPHQW DQG YDULRXV LQRUJDQLF
ELQGHUV DV HQFDSVXODWLRQ PDWUL[HV ZDV
HYDOXDWHG$IWHUJDVL$?FDWLRQWKHPHFKDQLFDO
SURSHUWLHVZHUHQRWVLPLODUO\VHQVLWLYHWRWKH
HQFDSVXODWLRQ RI ,;5 *DVL$?FDWLRQ HQDEOHG
VXEVWDQWLDOO\ KLJKHU ORDGLQJ RI ,;5 LQWR
WKH VDPSOH $OVR JDVL$?FDWLRQ RI WKH ,;5
GHFUHDVHGPDWUL[DSSDUHQWGLIIXVLRQ9HU\ORZ
DSSDUHQWGLIIXVLRQFRHI$?FLHQWVZHUHREVHUYHG
ZKHQ JDVL$퐀eG UHVLQ ZDV HQFDSVXODWHG LQ
PHWDNDROLQPDWUL[7KHRUHWLFDOO\WKHDPRXQW
RIHQFDSVXODWHGPDWHULDOFRXOGEHLQFUHDVHG
E\WLPHV
T. Vehmas, E. Myllykylä, M. Nieminen, J. Laatikainen-Luntama, M. Leivo, M. Olin
Technical Research Centre of Finland VTT Ltd. P.O. Box 1000 FI-02044 VTT, Finland.
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*HRSRO\PHULVDWLRQRIJDVL$퐀eGLRQH[FKDQJHUHVLQV
PHFKDQLFDOSURSHUWLHVDQGVKRUWWHUPOHDFKLQJVWXGLHV
'HFRPPLVVLRQLQJ RI QXFOHDU IDFLOLWLHV LV
DVVRFLDWHG ZLWK WKH JHQHUDWLRQ RI YDULRXV
W\SHV RI UDGLRDFWLYH ZDVWH LQFOXGLQJ ORZ
DQG LQWHUPHGLDWH OHYHOZDVWH /,/:ZKRVH
YROXPH VLJQL$?FDQWO\ H[FHHGV WKDW RI KLJK
OHYHO ZDVWH $ QXPEHU RI WKHUPDO WUHDWPHQW
WHFKQRORJLHV WKDW FRXOG FRQWULEXWH WR D
VDIH DQG FRVWHI$?FLHQW PDQDJHPHQW RI
/,/: ZHUH FRQVLGHUHG LQ WKH IUDPHZRUN
RI D SURMHFW RQ ژ7KHUPDO WUHDWPHQW IRU
UDGLRDFWLYH ZDVWH PLQLPLVDWLRQ DQG KD]DUG
UHGXFWLRQڙ7+(5$0,17KHREMHFWLYHRIWKH
7+(5$0,1SURMHFWLVWRSURYLGHDQ(8ZLGH
VWUDWHJLFUHYLHZDQGDVVHVVPHQWRIWKHDGGHG
YDOXH RI WKHUPDO WUHDWPHQW WHFKQRORJLHV
LQ RSWLPLVDWLRQ RI UDGLRDFWLYH ZDVWH
PDQDJHPHQW SURJUDPPHV DFURVV (XURSH
:LWKLQ WKLV VFRSH WKH )RUVFKXQJV]HQWUXP
-¾OLFKSHUIRUPHGDVWUXFWXUDOFKDUDFWHUL]DWLRQ
DQGVWDELOLW\VWXGLHVRIVHOHFWHGDVKIUDFWLRQV
RULJLQDWLQJ IURP WKH LQFLQHUDWLRQ IDFLOLW\
-9RSHUDWHGE\-(1PE+
)RU DQ LQGHSWK FKDUDFWHUL]DWLRQ RI
VHOHFWHG DVK IUDFWLRQV YDULRXV UDGLR DQG
PLFURDQDO\WLFDO WHFKQLTXHV ZHUH DSSOLHG
WR GHWHUPLQH UDGLRQXFOLGH FRQWHQW DQG
VSHFLDWLRQDVZHOODVSKDVHDVVHPEODJHDQG
PLFURVWUXFWXUHRIGLIIHUHQWJUDLQV0RUHRYHU
WKHFKDUDFWHULVDWLRQLQFOXGHGWKHH[DPLQDWLRQ
RI WKH OHDFKLQJ EHKDYLRXU RI VHOHFWHG
DVK IUDFWLRQV XQGHU W\SLFDO FRQGLWLRQV IRU
FHPHQWLWLRXV GLVSRVDO HQYLURQPHQW DV ZHOO
DV SRVWOHDFKLQJ H[DPLQDWLRQV RI WKH VROLGV
WR HYDOXDWH WKH HYROXWLRQ RI PLFURVWUXFWXUDO
SURSHUWLHV DQG SKDVH FRPSRVLWLRQ ZKHQ
VXEMHFWHG WR GLIIHUHQW GLVSRVDO UHOHYDQW
FRQGLWLRQV
5HVXOWV GHPRQVWUDWH WKH FRPSOH[ SKDVH
FRPSRVLWLRQ RI WKH VHOHFWHG DVK IUDFWLRQV
LQFOXGLQJ TXDUW] KHPDWLWH OLPH FRUXQGXP
DQG VRPH PL[HG R[LGHV 6L$O&D2[%HVLGHV PLQRU DPRXQWV RI FKORULGHV OLNH
KDOLWH1D&ODQGV\OYLWH.&ODQGLQFOXVLRQV
RIHOHPHQWDU\$OZHUHIRXQG5DGLRDQDO\WLFDO
LQYHVWLJDWLRQV UHYHDOHG LQ SDUWLFXODU WKH
SUHVHQFH RI 137&V DQG &R DORQJ ZLWK
WUDFHVRI 241$PDQG(X LVRWRSHVGLVWULEXWHG
ZLWK D FHUWDLQ GHJUHH RI KHWHURJHQHLW\
RQ PLFURVFRSLF VFDOH &RPSOHPHQWDU\
PLFURDQDO\WLFDO LQYHVWLJDWLRQV VKRZHG
WKDW WKH UDGLRDFWLYLW\ LV PDLQO\ DVVRFLDWHG
ZLWK R[LGH SKDVHV ,QYHVWLJDWLRQV RI WKH
VHOHFWHG IUDFWLRQVv VWDELOLW\ EDVHG RQ WKH
SURGXFW FRQVLVWHQF\ WHVW $670 &
UHYHDOHGD IDVW UHOHDVHRI 137&V LUUHVSHFWLYH
RI OHDFKLQJFRQGLWLRQVVROXWLRQFRPSRVLWLRQ
RU WHPSHUDWXUH ,Q FRQWUDVW QR VLJQL$?FDQW
release of &R ZDV IRXQG 1R IXUWKHU
UDGLRQXFOLGHV ZHUH IRXQG LQ WKH OHDFKLQJ
VROXWLRQVLQGLFDWLQJ$?[DWLRQRIWKHUHPDLQLQJ
DFWLYLW\LQWKHVROLGV
,Q WKLV FRQWULEXWLRQ ZH SUHVHQW DQG GLVFXVV
WKHDSSOLHGPHWKRGRORJ\DQG UHFHQW UHVXOWV
RI WKH RQJRLQJ ZRUN FRQWULEXWLQJ WR DQ
LPSURYHG XQGHUVWDQGLQJ RI WKH SURSHUWLHV
RI WKH WKHUPDOO\ WUHDWHG ZDVWH SURGXFW DQG
VXSSRUWLQJ WKH XQGHUVWDQGLQJ RI LWV ORQJ
WHUP SHUIRUPDQFH XQGHU JHQHULF GLVSRVDO
FRQGLWLRQV
N. Daniels*1, A. Bukaemskiy1, G. Deissmann1, N. Lieck1, D. Bosbach1, H. Daniels2, L. Frost2, T. 
Steinhardt2
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&KDUDFWHUL]DWLRQDQGVWDELOLW\RIVHOHFWHGDVKIUDFWLRQV
IURPWKHUPDOWUHDWPHQWRIUDGLRDFWLYHZDVWHVDWWKH
-9LQFLQHUDWLRQIDFLOLW\
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7KH$퐀lWUDWLRQRIFRQWDPLQDWHGDTXHRXVZDVWH
VWUHDPVIURPQXFOHDUDSSOLFDWLRQVSURGXFHV
VSHQW LRQ H[FKDQJH UHVLQV ,(5 ZKLFK FDQ
EHFODVVL$?HGHLWKHUDVORZOHYHO//:RUDV
LQWHUPHGLDWH OHYHO ,/: )RU WKH SXUSRVH
RI WKH ZRUN FRQGXFWHG LQ WKH IUDPHZRUN RI
WKH (XURSHDQ 7+(5$0,1 SURMHFW VWXGLHV
FRQVLGHUHGVSHQW,(5ZDVWHIRUPWREHURXWHG
WRWKH)UHQFKGHHSJHRORJLFDOGLVSRVDOLQWKH
&DOORYR2[IRUGLDQIRUPDWLRQ&LJ«R
7KLV IRUP RI ZDVWH LV NQRZQ WR UHOHDVH
K\GURJHQE\UDGLRO\VLVGHJUDGDWLRQUHDFWLYH
VSHFLHVDQGFRPSOH[LQJFRPSRXQGV7RGD\
IRUGLVSRVDELOLW\LQ&LJ«RGLUHFWFHPHQWDWLRQ
RI ,(5 LV WKH PDLQ LPPRELOL]DWLRQ SURFHVV
3URGXFWLRQRIK\GURJHQLVHQKDQFHGLQFDVH
RIFHPHQWDWLRQ
7KLVZRUNDLPVWRHYDOXDWHWKHLQWHUHVWRIWKH
LQFLQHUDWLRQYLWUL$?FDWLRQZLWKSODVPDSURFHVV
6+,9$ RQ D PL[WXUH RI ]HROLWHV GLDWRPV
DQG VSHQW ,(5 LQ UHJDUGV WR WKH UHIHUHQFH
LPPRELOL]DWLRQ SURFHVV E\ FHPHQWDWLRQ
3URGXFWLRQ RI DQ DOXPLQDERURVLOLFDWH W\SH
JODVV XVLQJ 6+,9$ LQFLQHUDWLRQYLWUL$?FDWLRQ
SURFHVVZDVFRQVLGHUHGLQRUGHUWRH[DPLQH
WKH LPSDFW RI WKLV SURFHVV IRU PDQDJLQJ
WKHVSHFL$?FLWLHVRI WKLV ,(5ZDVWH IRUPZLWK
WKH DGGLWLRQDO DGYDQWDJH RI PLQLPL]LQJ WKH
GLVSRVDOYROXPH
7KHZRUNFRQVLVWVRIDSUHOLPLQDU\DSSURDFK
EDVHGRQWKHSK\VLFDOFKDUDFWHUL]DWLRQVDQG
OHDFKLQJH[SHULPHQWVFDUULHGRXWE\&($RQ
WKHUHVXOWLQJYLWUL$?HGSURGXFWWRHYDOXDWHWKH
SRWHQWLDO EHQH$?WV WKDW D WKHUPDO WUHDWPHQW
FDQSURYLGHLQWKHFRQWH[WRI&LJ«RIRUVXFK
VSHQW,(5ZDVWHIRUP
7KH LQ$픀uHQFH RI WKHUPDO WUHDWPHQW RQ
VHYHUDOFKDUDFWHULVWLFV LQ OLQHZLWKDJHQHULF
OLVW RI :$& GH$?QHG ZLWKLQ WKH 7+(5$0,1
SURMHFW LQFOXGLQJ WKH UDGLRORJLFDO LQYHQWRU\
WKHZDVWHYROXPHDQGVWDELOLW\RI WKHZDVWH
IRUPWKHUPDORXWSXWFULWLFDOLW\ڢKDYHEHHQ
TXDOLWDWLYHO\ HYDOXDWHG FRQVLGHULQJ WKHLU
SRWHQWLDOLQ$?XHQFHVRQRSHUDWLRQDODQGORQJ
WHUPVDIHW\
7KH FKDUDFWHUL]DWLRQ UHVXOWV LQGLFDWH WKDW
RUJDQLF PDWWHU KDV EHHQ UHPRYHG GXULQJ
WKHWKHUPDO WUHDWPHQW OHDGLQJWR IDYRXUDEOH
FKDUDFWHULVWLFV IRU WKH GHHS JHRORJLFDO
GLVSRVDO GXH WR WKH DEVHQFH RI RUJDQLF
FRPSOH[LQJ FRPSRXQGV DQG K\GURJHQ JDV
UHOHDVH 7KH $?QDO SURGXFW FRQVLVWV RI DQ
DPRUSKRXV DOXPLQDERURVLOLFDWH JODVV ZLWK
UDGLRQXFOLGHV LQFRUSRUDWLRQ LQ WKH JODVV
PDWUL[,WPHDQVWKDWWKHUDGLRQXFOLGHUHOHDVH
GLUHFWO\GHSHQGVRQWKHFKHPLFDOGXUDELOLW\RI
WKHSURGXFHGJODVV
B. Frasca, L. Grifault, J. Lefevre, M-A. Romero, C. Martin
ANDRA, AgenceNationale pour la Gestion des DéchetsRadioactifs, 1-7, rue Jean-Monnet - 92298 
Châtenay-Malabry, France.
* benjamin.frasca@andra.fr
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2
 DV WKH FHUDPLFSKDVHSUHFXUVRUV
$ UDQJH RI FROGSUHVV DQG VLQWHU VDPSOHV
ZLWK YDU\LQJ JODVVFHUDPLF UDWLRV KDYH
EHHQ SUHSDUHG XQGHU DUJRQ DW r& WR
LQYHVWLJDWH WKH HIIHFW RI JODVV FRQWHQW RQ
IRUPDWLRQ RI EUDQQHULWH &HUDPLF EUDQQHULWH
IRUPHGZHOO LQDOOFRPSRVLWLRQVHYHQDW ORZ
 E\ ZHLJKW JODVV IUDFWLRQV ZLWK 82
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DVDPLQRUSURGXFW7KUHHIXUWKHUEUDQQHULWH
JODVVFHUDPLFVKDYHEHHQIRUPHGE\+,3WR
LQYHVWLJDWHWKHFRPSDWLELOLW\RIWKLVV\VWHPWR
+,3LQJ7KHVDPSOHV+,3HGDWr&IRUP
EUDQQHULWHZLWK82
2
 DVDPLQRUSKDVHZLWK
VOLJKWO\ KLJKHU DEXQGDQFH WKDQ WKH FROG
SUHVVDQGVLQWHUVDPSOHV
M.C. Dixon Wilkins1, E.R. Maddrell2, M.C. Stennett1, N.C. Hyatt1*
1 Immobilisation Science Laboratory, he University of Sheield, Sheield, UK
2 National Nuclear Laboratory, Sellaield, Cumbria, UK
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6\QWKHVLVDQGFKDUDFWHULVDWLRQRIKLJKFHUDPLFIUDFWLRQ
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,Q %HOJLXP WKH QDWLRQDO SROLF\ IRU ZDVWH
WKDW LV FDWHJRULVHG DV FDWHJRU\ $ EHLQJ
ORZ DQG PHGLXP OHYHO VKRUW OLYHG ZDVWH LV
VXUIDFHGLVSRVDOLQDGHGLFDWHGIDFLOLW\7KH
GLVSRVDO FRQFHSW IRU WKLV IDFLOLW\ HQYLVDJHV
SODFLQJZDVWHLQFRQFUHWHFRQWDLQHUVFDOOHG
FDLVVRQV ZKLFK DUH WKHQ $?OOHG ZLWK PRUWDU
WRSURGXFHDPRQROLWK7KHVHPRQROLWKVDUH
SODFHG LQ ODUJH FRQFUHWH VWUXFWXUHV FDOOHG
GLVSRVDO PRGXOHV 2QFH WKH PRGXOHV DUH
$?OOHGZLWKPRQROLWKV WKH\DUHFORVHGZLWKD
FRQFUHWHSODWHDQGFRYHUHGE\DOD\HURIVRLO
ZKLFK HQVXUHV WKH IXQFWLRQV RI LQFOXVLRQ
SURWHFWLRQ DQG VHDOLQJ $ OLFHQFH IRU WKH
FRQVWUXFWLRQDQGRSHUDWLRQRIWKHFDWHJRU\$
ZDVWHGLVSRVDOIDFLOLW\KDVEHHQVXEPLWWHG
:DVWHHOLJLEOHIRUVXUIDFHGLVSRVDOPXVWPHHW
VWULFW UHTXLUHPHQWV DQG FULWHULD ZLWK UHJDUG
WR LWV UDGLRORJLFDO DQG SK\VLFRFKHPLFDO
FRQWHQW &XUUHQWO\ WKHUH DUH VHYHUDO ZDVWH
VWUHDPV IRU ZKLFK WKH FRPSOLDQFH ZLWK
WKH FRQIRUPLW\ FULWHULD RI WKLV GLVSRVDO
FRQFHSWDQG WKXV LWVGLVSRVDELOLW\ LVQRW\HW
JXDUDQWHHG ,Q PRVW FDVHV RSWLPLVDWLRQ RI
WKHFXUUHQWPDQDJHPHQWURXWHVLVSRVVLEOH
([DPSOHV RI FRQGLWLRQHG ZDVWH VKRZLQJ
QRQFRQIRUPLWLHV ZLWK $퐀nDO GLVSRVDO DUH WKH
FHPHQWHG FRQFHQWUDWHV DQG UHVLQV IURP
VRPH RI WKH 133V VKRZLQJ JHO IRUPDWLRQ
'LIIHUHQW PDQDJHPHQW VFHQDULRV DUH
FRQVLGHUHG IRU WKHVH ZDVWHV 2QH RI WKH
VFHQDULRVLVWRGHPRQVWUDWHWKDWJHOIRUPDWLRQ
FDQ EH RU KDV VWRSSHG IRU D VXI$?FLHQWO\
ORQJWLPH,I WKLVFDQQRWEHSURYHQWKHQH[W
VFHQDULR LV WRVKRZWKDW WKH$65LPSDFWRQ
WKHHQJLQHHUHGEDUULHUV\VWHPLVOLPLWHG,ILW
LVVKRZQWKDWDOOWKHVHDWWHPSWVDUHQRWDEOH
WR JXDUDQWHH WKH GLVSRVDELOLW\ RI WKH ZDVWH
SURGXFW WKH UHSURFHVVLQJ RI WKH DIIHFWHG
GUXPVE\IRUH[DPSOHWKHUPDOWUHDWPHQWZLOO
EHFRQVLGHUHG
,Q WKLV SDSHU WKH VFHQDULR RI SODVPD
LQFLQHUDWLRQ RI WKH FHPHQWHG FRQFHQWUDWHV
DQG UHVLQV ZLOO EH HYDOXDWHG )RU WKLV
HYDOXDWLRQ WKH ZKROH PDQDJHPHQW URXWH
ZLOO EH FRQVLGHUHG IURP DFFHSWDQFH WR WKH
SODVPDIDFLOLW\WRGLVSRVDORIWKHHQGSURGXFW
ZLWK LWVDGYDQWDJHVDQG OLPLWDWLRQV7RGDWH
QRFRQIRUPLW\FULWHULD IRU WKLVVSHFL$?FZDVWH
W\SHWKHSODVPDVODJH[LVWDVRQO\FHPHQWHG
ZDVWHLVFRQVLGHUHGLQWKHGHYHORSPHQWRIWKH
FRQIRUPLW\ FULWHULD RI WKH VXUIDFH GLVSRVDO
7KHUHIRUH WKH JHQHULF GLVSRVDELOLW\ FULWHULD
DVGHYHORSHG LQ7+(5$0,1ZLOOEHXVHG WR
DVVHVVWKHGLVSRVDELOLW\RI WKHHQGSURGXFW
OLPLWLQJLWWRDSUHOLPLQDU\DVVHVVPHQW
K. Meert*, E. Coppens, S. Ben Hadj Hassine, M. Van Geet
NIRAS/ONDRAF, Avenue des Arts 14, 1210 BRUSSELS
* K.Meert@nirond.be
3ODVPDLQFLQHUDWLRQRIFHPHQWHGFRQFHQWUDWHVDQGUHVLQV
SUHOLPLQDU\HYDOXDWLRQRIWKHGLVSRVDELOLW\RIWKHHQGSURGXFW
7R VXSSRUW GHOLYHU\ RI WKH 1XFOHDU
'HFRPPLVVLRQLQJ $XWKRULW\ڕV 1'$ڕV 
6WUDWHJ\ D 3UREOHPDWLF :DVWH ,QWHJUDWHG
3URMHFW 7HDP ZDV HVWDEOLVKHG LQ 0D\
 ,WV REMHFWLYH LV WR GHYHORS D FR
RUGLQDWHG DQG LPSURYHG DSSURDFK WR WKH
LQGXVWU\ZLGH PDQDJHPHQW RI SUREOHPDWLF
UDGLRDFWLYH ZDVWH 7KH ,37 LV EHLQJ OHG E\
//:5HSRVLWRU\/WGDQG5DGLRDFWLYH:DVWH
0DQDJHPHQW 5:0 /WG RQ EHKDOI RI WKH
1'$ DQG LWV DFWLYLWLHV LQFOXGH GHOLYHU\ RI D
WHFKQLFDOZRUNSURJUDPPHDQGHQJDJHPHQW
ZLWKDUDQJHRIVWDNHKROGHUV
3UREOHPDWLFZDVWH LVGH$?QHGDV UDGLRDFWLYH
ZDVWH IRU ZKLFK DQ H[LVWLQJ ZDVWH
PDQDJHPHQW URXWH LV HLWKHU QRW DYDLODEOH
RU QRW SODQQHG LQ GHWDLO RU LV FRQVLGHUHG
VLJQL$?FDQWO\ VXERSWLPDO ,W LQFRUSRUDWHV
ژRUSKDQ ZDVWHVڙ DQG ژZDVWHV UHTXLULQJ
DGGLWLRQDOWUHDWPHQWڙ7KHVHDUHZDVWHVIURP
DFURVV WKH UDGLRORJLFDO VSHFWUXP LQFOXGLQJ
/RZ/HYHO:DVWH //:DQG+LJKHU$FWLYLW\
:DVWH +$: :DVWHV PD\ EH SUREOHPDWLF
IRU D YDULHW\ RI UHDVRQV LQFOXGLQJ WHFKQLFDO
LVVXHV ZLWK FKDUDFWHULVLQJ WKH ZDVWH D
ODFN RI DYDLODELOLW\ RI WUDQVSRUW SDFNDJLQJ
FRPSOH[LW\ RI LPSOHPHQWLQJ WUHDWPHQW
VROXWLRQV RU WKH GLVSRVDELOLW\ RI WUHDWHG RU
FRQGLWLRQHGZDVWHSURGXFWV
7KH 1'$ KDV DOVR HVWDEOLVKHG D 7KHUPDO
7UHDWPHQW ,37 77 ,37 OHG E\ 6HOOD$?HOG
/WG LQ FROODERUDWLRQ ZLWK 1DWLRQDO 1XFOHDU
/DERUDWRU\ 11/ WR LQYHVWLJDWH WKHUPDO
WUHDWPHQW DQG LWV DSSOLFDELOLW\ WR +$:
7KHUPDO WUHDWPHQW WHFKQLTXHVXVHKHDWDQG
DVVRFLDWHGSURFHVVVWHSVWRWUDQVIRUPZDVWHV
LQWR D UDQJH RI PDWHULDOV ZKLFK FDQ UDQJH
IURP DVKHV WR YLWUL$?HG DQG VWDEOH SURGXFWV
VXLWDEOH IRU ORQJWHUPVWRUDJHDQGGLVSRVDO
7KHUHDUHYDULRXVWHFKQRORJLHVDYDLODEOHWKDW
FDQDFKLHYHWKLVDYDLODEOHDURXQGWKHZRUOG
7KHLQWHQWRIWKH77,37LVWRGHYHORSWKHUPDO
WUHDWPHQW WHFKQRORJLHV WR WKH GHJUHH WKDW
WKH\FDQEHFRQVLGHUHGDWHFKQLFDOO\FUHGLEOH
RSWLRQIRU WKHWUHDWPHQWRI ,/:DW6HOOD$?HOG
WKH 1'$ HVWDWH DQG SRWHQWLDOO\ DFURVV WKH
UHVWRIWKH8.1XFOHDULQGXVWU\
7KH3:,37DQG77,37DUHZRUNLQJWRJHWKHU
RQDFROODERUDWLYHSURMHFWWRGHPRQVWUDWHWKH
DSSOLFDELOLW\RIWKHUPDOWUHDWPHQWWHFKQRORJ\
IRU WKHPDQDJHPHQWRI VSHFL$?FSUREOHPDWLF
ZDVWHVWUHDPV,QLWLDOZRUNKDVIRFXVHGRQ
 LGHQWL$?FDWLRQRIVXLWDEOHSUREOHPDWLFZDVWH
VWUHDPVDVEHVWRVKLVWRULFDOO\FRQGLWLRQHG
GUXPVDQGRLO\VOXGJHV
 GHYHORSPHQW RI SUREOHP VWDWHPHQWV DQG
WKHZLGHUUHOHYDQFHRISRWHQWLDOVROXWLRQVWR
RWKHU8.ZDVWHVWUHDPVDQG
 GHYHORSPHQW RI ZLULQJ GLDJUDPV WKDW
KLJKOLJKW WKH LVVXHV DQG TXHVWLRQV WKDW
QHHG WREHDGGUHVVHG WRGHPRQVWUDWH WKH
IHDVLELOLW\ RI WKHUPDO WUHDWPHQW IRU WKHVH
SUREOHPDWLFZDVWHVWUHDPV
T. Fletcher*1, H.C. Cresswell1, W. Ingamells2, J.E. Kent3
1 LLW Repository Ltd, National Waste Programme, Pelham House, Pelham Drive, Calderbridge, 
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2 TÜV SÜD Nuclear Technologies, Ennerdale Pavillion, Westlakes Science and Technology Park, 
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)HDVLELOLW\RIWKHUPDOWUHDWPHQW
WHFKQLTXHVIRU8.SUREOHPDWLFZDVWH
34 35
7KH KLJKO\ KHWHURJHQHRXV QDWXUH RI 8.
OHJDF\ GDPDJHG DQG GHJUDGHG VSHQW
QXFOHDU IXHOV DQG VR FDOOHG ڔRUSKDQ IXHOVڕ
SURKLELWVWKHXVHRISULQFLSDOZDVWHWUHDWPHQW
PHWKRGRORJLHV$Q LQYHQWRU\RI8. UHVLGXDO
IXHOV \LHOGHG DQ DFFRXQW IRU WKUHH PDLQ
IXHO W\SHV 0DJQR[ $*5 DGYDQFHG JDV
FRROHG UHDFWRU DQG 02[ PL[HG R[LGHV
$ VHULHV RI JODVV DQG FHUDPLF W\SH KRVW
V\VWHPVKDYHEHHQLQYHVWLJDWHGIRUSRWHQWLDO
FRQGLWLRQLQJ RI WKHVH KLJK XUDQLXP FRQWHQW
IXHOZDVWHV(OHFWURQPLFURVFRS\DQGSRZGHU
;UD\ GLIIUDFWLRQ WHFKQLTXHV ZHUH XVHG WR
FKDUDFWHULVHWKHSURWRW\SLFDOZDVWHIRUPV
7ZRVHWVRIORZPHOWWHPSHUDWXUHSKRVSKDWH
JODVVFRPSRVLWLRQVZHUHWULDOOHGZLWKDGGLWLRQV
RI&H2
2
WRVLPXODWHWKH$?XRULWHVWUXFWXUHDQG
ODUJHLRQLFUDGLXVRI8LQR[LGHIXHOV(YROXWLRQ
RI PRQD]LWHW\SH SKDVHV DW VLPXODQW R[LGH
ZDVWH ORDGLQJVDERYHZWKLJKOLJKWHGD
SRWHQWLDO GHYHORSPHQW LQWR D JODVVFHUDPLF
K\EULG DVVHPEODJH ,QYHVWLJDWLRQ LQWR WKH
XVH RI DQ DONR[LGH QLWUDWH V\QWKHVLV URXWH
IRU6<152&)W\SHFHUDPLFSUHFXUVRUVKDV
DOORZHG IRU WKH GHPRQVWUDWLRQ RI D VLQWHUHG
KRVW S\URFKORUH SKDVH FRQWDLQLQJ XS WR 
aZWZDVWHVLPXODQWFHULD*DVHYROXWLRQ
KDV OHG WR LQFUHDVHG SRURVLW\ DW KLJKHU
WHPSHUDWXUHVDQGORQJHUVLQWHULQJWLPHVWKLV
PD\ EH PLWLJDWHG E\ KLJKHU SUHFDOFLQDWLRQ
WHPSHUDWXUHV
L. Harnett1, M. Stennett1, E. Maddrell2 and N.C. Hyatt1*
1Immobilisation Science Laboratory, Department of Materials Science and Engineering, University of 
Sheield, Sheield, S1 3JD, UK
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'HYHORSPHQWRISKRVSKDWHJODVVDQGPXOWLSKDVH
WLWDQDWHFHUDPLFFRPSRVLWLRQVIRUWKHUPDOWUHDWPHQW
RILUUDGLDWHGQXFOHDUIXHOUHVLGXHV
,Q %HOJLXP SODVPD LQFLQHUDWLRQ LV D
SRVVLEOH RSWLRQ WR UHFRQGLWLRQ ORZ DQG
LQWHUPHGLDWHOHYHOVKRUW OLYHGZDVWHVWUHDPV
LQ RUGHU WR REWDLQ HQG SURGXFWV ZKLFK
FDQ IXO$?OO WKH FULWHULD GHYHORSHG IRU D QHDU
VXUIDFHGLVSRVDO,QWKLVVWXG\WKHFKHPLFDO
GXUDELOLW\ RI SODVPD WUHDWHG QRQUDGLRDFWLYH
VXUURJDWH ZDVWH IRUPV RU SODVPD VODJV
ZDV LQYHVWLJDWHG E\ SHUIRUPLQJ 0&&
OHDFKWHVWVLQD.2+VROXWLRQDWS+DQG
r&5HVXOWVVKRZHGWKDW LQLWLDOGLVVROXWLRQ
UDWHVRISODVPDVODJVZHUHVLPLODUWRWKDWRI
621, JODVV DQG $?QDO GLVVROXWLRQ UDWHV
DURXQGRQHRUGHU RIPDJQLWXGH ORZHU6(0
DQDO\VLV UHYHDOHG WKHSUHVHQFHRIDOWHUDWLRQ
OD\HUV ULFK LQ.&DDQG)HZKLFKSUREDEO\
DFW DV GLIIXVLRQ EDUULHUV DQG DVVRFLDWHG WR
WKH LQFUHDVH RI 6L DQG $O FRQFHQWUDWLRQ LQ
VROXWLRQOHDGWRWKHGHFUHDVHRIWKHSODVPD
VODJGLVVROXWLRQUDWHV
K Ferrand1, S Caes1, K Lemmens1 and K Meert2
1R&D Waste Packages, Institute for Environment, Health and Safety, Belgian Nuclear Research Centre, 
Boeretang 200, 2400 Mol, Belgium 
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'LVVROXWLRQRISODVPDWUHDWHGQRQUDGLRDFWLYH
VXUURJDWHZDVWHIRUPVLQ.2+VROXWLRQDWr&
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7KLV ZRUN ZLWKLQ WKH 7+(5$0,1 SURMHFW
GHWHUPLQHGWKHOHDFKDELOLW\RIDJODVVSURGXFW
SURGXFHG XVLQJ YLWUL$?FDWLRQ RI LQRUJDQLF
OLTXLG UDGLRDFWLYH ZDVWH 5$:  FKURPSLN
,,, 7KH DLP RI WKLV VWXG\ LV WKH FKHPLFDO
FKDUDFWHULVDWLRQ RI FKURPSLN JODVV DQG
FRPSDULVRQZLWKEDVDOWJODVV
&KURPSLN ZDV XVHG DV FRRODQW PHGLXP
ZLWKLQ133$-DVORYVNH%RKXQLFH&KURPSLN
LV LQRUJDQLF OLTXLG UDGLRDFWLYH ZDVWH ZLWK
GLVVROYHGVDOWVXSWRZPDLQFRQWDPLQDQW
LV&VZLWKDFWLYLW\OHYHO(%TGP3
&KURPSLN QRQUDGLRDFWLYH JODVV VDPSOHV
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A. Boyer, J.F. Hollebecque, S. Schuller, Y. Papin, M. Guillaumé, M. Mollica, E. Sauvage, H.A. Turc
CEA, DEN, DE2D, Univ Montpellier, Marcoule, France
7KHUPDOK\GUDXOLFPRGHOOLQJRIDYLWUL$퐀cDWLRQIXUQDFHڏ
'(0	0(/7SURMHFW
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7KH(&7+(5$0,1SURMHFWDLPHGWRLGHQWLI\
ZKLFK ZDVWHV FRXOG EHQH$?W IURP WKHUPDO
WUHDWPHQW ZKLFK WUHDWPHQW WHFKQRORJLHV
DUH XQGHU GHYHORSPHQW LQ SDUWLFLSDWLQJ
FRXQWULHVDQGKRZWKHVHFRXOGEHFRPELQHG
WRGHOLYHUDZLGHUDQJHRIEHQH$?WV7KHUPDO
SUHWUHDWPHQW RU LPPRELOLVDWLRQ SURFHVVHV
UHVXOW LQVLJQL$?FDQWYROXPHUHGXFWLRQZDVWH
SDVVLYDWLRQ DQG GHVWUXFWLRQ RI RUJDQLF
PDWHULDOVZKLFKUHGXFHVULVNVGXULQJZDVWH
VWRUDJHDQGVXSSRUWVGHYHORSPHQWRIVDIHW\
FDVHVIRUJHRORJLFDOGLVSRVDO
7KLV SRVWHU SUHVHQWV WKH NH\ FRQFOXVLRQV
IURP WKH SURMHFW $ VXPPDU\ RI (XURSHDQ
UDGLRDFWLYH ZDVWH VWUHDPV WKDW PD\ EH
VXLWDEOHIRUWKHUPDOWUHDWPHQWDQGDYDLODEOH
WKHUPDOWUHDWPHQWWHFKQRORJLHVLVSUHVHQWHG
$QRYHUYLHZLVJLYHQRIWKHVWUDWHJ\IROORZHG
LQ SHUIRUPLQJ GHPRQVWUDWLRQ WULDOV DQG
VXEVHTXHQW ZDVWH SURGXFW FKDUDFWHULVDWLRQ
IRUDUDQJHRIZDVWHJURXSV
&DVH VWXGLHV IRU VHOHFW GHPRQVWUDWRUZDVWH
JURXS FRPELQDWLRQV SURYLGH LQIRUPDWLRQ
DERXW WKHVH SURFHVVHV LQ JUHDWHU GHSWK
LQFOXGLQJ GHWDLOV DERXW WKH WUHDWPHQW
WHFKQLTXH UHVXOWLQJ ZDVWH SURGXFW DQG
LWV FKDUDFWHULVDWLRQ DQG GLVSRVDELOLW\
LPSOLFDWLRQV )LQDOO\ WKH NH\ FRQFOXVLRQV
IURPWKHSURMHFWDUHVXPPDULVHG
S.J. Scourield1, J.E. Kent1*, S.M. Wickham1, M. Nieminen2, S. Clarke3, B. Frasca4,
1Galson Sciences Ltd. (UK), 2 VTT (Finland), 3National Nuclear Laboratory (UK), 4Andra (France).
*jek@galson-sciences.co.uk
7KHUPDOWUHDWPHQWIRUUDGLRDFWLYHZDVWHPLQLPLVDWLRQ
DQGKD]DUGUHGXFWLRQRYHUYLHZDQGVXPPDU\RIWKH
7+(5$0,1SURMHFW
5HVHDUFKDQGLQQRYDWLRQLVNH\WRGHOLYHULQJ
8. *RYHUQPHQWڕV FLYLO QXFOHDU HQHUJ\
SROLF\ LQ SDUWLFXODU WR DFFHOHUDWH UHGXFWLRQ
LQ WKHKD]DUG WLPHVFDOHDQGFRVWRI OHJDF\
GHFRPPLVVLRQLQJ DQG JHRORJLFDO GLVSRVDO
RI UDGLRDFWLYH ZDVWHV  7R DGGUHVV WKLV
FKDOOHQJH D QDWLRQDO FHQWUH RI H[FHOOHQFH
IRU UHVHDUFK DQG LQQRYDWLRQ WKH +$'(6
)DFLOLW\ KDV EHHQ HVWDEOLVKHG WR VXSSRUW
UHVHDUFK DQG LQQRYDWLRQ LQ +LJK $FWLYLW\
'HFRPPLVVLRQLQJ(QJLQHHULQJDQG6FLHQFH
DVSDUWRI WKHZLGHUQHWZRUNRI8.1DWLRQDO
1XFOHDU8VHU)DFLOLWLHV+HUHLQZHGHVFULEH
WKH GHYHORSPHQW RI WKLV XVHU IDFLOLW\ WKH
FXUUHQWVWDWXVRILWVFDSDELOLW\DQGIXQFWLRQDO
HTXLSPHQWVSHFL$?FDWLRQV
7KH XQLTXH FDSDELOLWLHV RI WKH +$'(6
)DFLOLW\ LQ WKH 8. DFDGHPLF ODQGVFDSH
DUH HPSKDVLVHG LQFOXGLQJ KDQGOLQJ RI
ZHLJKDEOHTXDQWLWLHVRI997FDQGWUDQVXUDQLFV
TXDQWLWDWLYHHOHFWURQSUREHPLFURDQDO\VLVRI
UDGLRDFWLYHPDWHULDOVKRWLVRVWDWLFSUHVVLQJRI
UDGLRDFWLYH PDWHULDOV DQG ODERUDWRU\EDVHG
;UD\DEVRUSWLRQDQGHPLVVLRQVSHFWURVFRS\
$Q H[DPSOH FDVH VWXG\ RI WKH QHHG IRU
DQG DSSOLFDWLRQ RI WKH +$'(6 FDSDELOLW\ LV
GHVFULEHG LQYROYLQJ WKHUPDO WUHDWPHQW RI D
UHDOUDGLRDFWLYHLRQH[FKDQJHUHVLQZDVWHWR
SURGXFHDSDVVLYHO\VDIHYLWUL$?HGZDVWHIRUP
N.C. Hyatt*, C.L. Corkhill, M.C.Stennett, R.J. Hand, and C.L. horpe.
Department of Materials Science & Engineering, he University of Sheield, Mappin Street, Sheield, 
S1 3JD.
*n.c.hyatt@sheield.ac.uk
7KH+$'(6IDFLOLW\IRUKLJKDFWLYLW\GHFRPPLVVLRQLQJ
HQJLQHHULQJ	VFLHQFHSDUWRIWKH8.1DWLRQDO1XFOHDU
8VHU)DFLOLW\
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,Q RUGHU WR GHPRQVWUDWH WKH GHSOR\PHQW
RI +RW ,VRVWDWLF 3UHVVLQJ +,3 IRU WKH
LPPRELOLVDWLRQ RI 3X VWRFNV DQG UHVLGXHV
D VHULHV RI DFWLYH DQG LQDFWLYH ]LUFRQROLWH
IRUPXODWLRQV KDYH EHHQ SURFHVVHG DQG
FKDUDFWHULVHG ,Q WKLV LQVWDQFH &H 8
DQG 7K KDYH EHHQ DSSOLHG DV FKHPLFDO
surrogates for Pu$ UDQJHRI IRUPXODWLRQV
WDUJHWLQJ LVRYDOHQW %VLWH VXEVWLWXWLRQ 
LH &D=U[Pu[7L2O7 KDYH EHHQ SURFHVVHGE\ +,3 DQG FKDUDFWHULVHG E\ SRZGHU
;UD\ GLIIUDFWLRQ DQG VFDQQLQJ HOHFWURQ
PLFURVFRS\ LQRUGHU WRGHWHUPLQHVXUURJDWH
SDUWLWLRQLQJ EHWZHHQ WKH KRVW ]LUFRQROLWH
SKDVHDQGDFFHVVRU\SKDVHVWKDWPD\KDYH
IRUPHGGXULQJWKH+,3SURFHVV
L.R. Blackburn1, L.J. Gardner1, S-K. Sun1, E.R. Maddrell2, M.C. Stennett1, C.C. Corkhill1, N.C. 
Hyatt1*
1Immobilisation Science Laboratory, Department of Materials Science and Engineering, University of 
Sheield, S1 3JD, UK.
2National Nuclear Laboratory, Workington, Cumbria, CA14 3YQ, UK.
*n.c.hyatt@sheield.ac.uk
+RWLVRVWDWLFDOO\SUHVVHG]LUFRQROLWH
ZDVWHIRUPVIRUDFWLQLGHLPPRELOLVDWLRQ
7KH 9LWUL$?FDWLRQ DQG +LJK 7HPSHUDWXUH
3URFHVVHV 8QLW RI 7KH )UHQFK $OWHUQDWLYH
(QHUJLHV DQG $WRPLF (QHUJ\ &RPPLVVLRQ
&($LVPDLQO\GHGLFDWHGWRWKHPDQDJHPHQW
RI UDGLRDFWLYH ZDVWH $PRQJ WKH ZDVWH
VWUHDPVFRQVLGHUHGWKHZDVWHFRPLQJIURP
'HFRQWDPLQDWLRQ DQG 'HFRPPLVVLRQLQJ
'	'RSHUDWLRQVZLOO UHSUHVHQW LQFUHDVLQJO\
ODUJH YROXPHV $V VXFK SURVSHFWLYH
VWXGLHV DUH EHLQJ FRQGXFWHG WR DGDSW WKH
PHWKRGRORJ\ RI FRQGLWLRQLQJ PDWULFHV
GHYHORSPHQW XSVFDOLQJ ZDVWH VXUURJDWHV
HWF WR WKHVH QHZ ZDVWHV ZKRVH QDWXUHV
DUHH[WUHPHO\ YDULHGDQGVRPHWLPHVSRRUO\
FKDUDFWHULVHG
7KLV ZRUN GHDOV ZLWK WKHUPDO WUHDWPHQW
E\ FDOFLQDWLRQ RI D W\SLFDO '	' VOXGJH
PDLQO\ FRPSRVHG RI VXOSKDWHG DQG QLWUDWHG
FRPSRXQGV $V D $?UVW VWHS WKH VOXGJH
FRPSRVLWLRQZDV VLPXODWHGE\PL[LQJR[LGH
SRZGHUV DQG FKHPLFDO UHDJHQWV DFFRUGLQJ
WRUHDVRQDEOHK\SRWKHVLV7KHQDFDOFLQDWLRQ
VWHS LQDPXI$?HIXUQDFHPDGH LWSRVVLEOH WR
REWDLQDQRQUHDFWLYHZDVWH7KHFDOFLQDWLRQ
EHKDYLRXU RI WKH VXUURJDWH VOXGJH ZDV
HYDOXDWHG ڐ ZLWK RU ZLWKRXW FDOFLQDWLRQ
DGGLWLYHVڐE\PLFURVFRS\;UD\GLIIUDFWLRQ
DQGWKHUPRJUDYLPHWU\
7KH GHFRPSRVLWLRQ RI ZDWHU DQG QLWUDWH
FRPSRXQGV RFFXUV EHORZ r& DQG LV
DFFRPSDQLHGE\GHQVL$?FDWLRQRIWKHFDOFLQHG
SURGXFW/LWWOHHYROXWLRQRIWKHZDVWHZDVWKHQ
REVHUYHG EHWZHHQ r& DQG r& 7KLV
EHKDYLRXU ZDV FRPSDUHG WR WKDW RI D QRQ
UDGLRDFWLYHVOXGJHFDOFLQHGXQGHU WKHVDPH
FRQGLWLRQV 7KH REMHFWLYH LV WR HYDOXDWH WKH
UHSUHVHQWDWLYHQHVV RI WKH VOXGJH VLPXODWHG
E\DPL[RIFKHPLFDOSRZGHUV7KLVPHWKRG
ZKLFKLVHDV\WRLPSOHPHQWFDQEHDSRZHUIXO
WRRO WR HIIHFWLYHO\ DGDSW ODERUDWRU\VFDOH
H[SHULPHQWV WR WKH FRPSRVLWLRQDO YDULDELOLW\
RI'	'ZDVWH
2QJRLQJ WHVWV ZLOO YDOLGDWH DQG LGHQWLI\ WKH
OLPLWDWLRQV RI XVLQJ VXFK VXUURJDWHV LQ WKH
VWXG\RIWKHWKHUPDOWUHDWPHQWRIW\SLFDO'	'
VOXGJH)XWXUHGHYHORSPHQWVRIWKHVWXG\ZLOO
IRFXVRQFRQGLWLRQLQJ WKHUHVLGXHVREWDLQHG
DWWKHHQGRIWKHFDOFLQDWLRQVWHS
M. De Vreese, M. Fournier*, I. Hugon
CEA, DEN, DE2D, University of Montpellier, Marcoule, France 
* Maxime.FOURNIER@cea.fr
&KDUDFWHULVDWLRQRIFDOFLQHGVLPXODQWV
GHYHORSHGWRUHSUHVHQWDW\SLFDO'	'VOXGJH
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7KH SRVWHU VXPPDULVHV *5, /WGڕV HIIRUWV
WR PDWXUH WKH +RW,VRVWDWLF 3UHVVLQJ
+,3 SURFHVV RSWLRQ IRU WKH WUHDWPHQW RI
6HOOD$?HOG VOXGJHV DQG VOXUULHV 7KLV ZRUN
FXOPLQDWHG LQ WKH SURGXFWLRQ RI WKH ODUJHVW
VFDOH GHPRQVWUDWLRQ RI +,3 WHFKQRORJ\ IRU
UDGLRDFWLYH ZDVWH LPPRELOLVDWLRQ SHUIRUPHG
WRGDWH!/FDQLVWHU
7KHSRVWHUVXPPDULVHVWKHGHYHORSPHQWRI
UHSUHVHQWDWLYH VLPXODQW PDWHULDOV FXVWRP
VLOLFDWHDQGWLWDQDWHZDVWHIRUPVLQYHVWLJDWLRQV
LQWR WKH YLDEOH SURFHVV HQYHORSH IRFXVHG
RQ WKH LPSDFW RI IHHGVWRFN RXWOLHUV RQ WKH
ZDVWHIRUPDQGSURFHVV LQFOXGLQJYDULDWLRQV
LQRUJDQLFFRQWHQWSDUWLFOHVL]HGLVWULEXWLRQ
PHWDOOLF FRQWHQW DQG FDUERQDWHG PDWHULDO
WKHGHYHORSPHQWRIFXVWRPLVHG+,3FDQLVWHU
GHVLJQV WKH DW VFDOH GHPRQVWUDWLRQ RI D
FRPPHUFLDOO\ YLDEOH IURQWHQG WKH VFDOHXS
RIZDVWHSDFNDJHV IURPaPO WR!/
WKH FKDUDFWHULVDWLRQ RI ZDVWHIRUP SURGXFWV
LQFOXGLQJDWWKRVHSURGXFHGDWZDVWH
ORDGLQJ DQG WKH SURGXFWLRQ RI ODEVFDOH
XUDQLXPGRSHGVDPSOHV
+,3 KDV EHHQ VKRZQ WR EH D WHFKQLFDOO\
YLDEOH RSWLRQ IRU WUHDWLQJ 6HOOD$?HOG ,/:
VOXGJHV DQG VOXUULHV 7KH WHFKQRORJ\ KDV
EHHQ VKRZQ WR WROHUDWH D UDQJH RI ZDVWH
ORDGLQJV XVLQJ YDULRXV ZDVWHIRUP V\VWHP
FRQFHSWV WLWDQDWH VLOLFDWH PL[HG WLWDQDWH
VLOLFDWH+,3LVDPHQDEOHWRSURFHVVLQJERWK
0DJQR[ DQG 6,;(3 VOXGJHV DW  ZW
ZDVWHORDGLQJ 9ROXPH UHGXFWLRQ UDQJHV
IURPDIDFWRURI6,;(3VOXGJHVWR
DIDFWRURI0DJQR[VOXGJHVZLWK
D WDUJHWHG ZDVWHIRUP FRSURFHVVLQJ WKHVH
PDWHULDOV W\SLFDOO\ JLYLQJ IROG UHGXFWLRQ
LQ ZDVWH YROXPH 7KLV FRPSDUHV IDYRXUDEO\
ZLWK YLWUL$?FDWLRQ ZKHUH ERWK WKH DFKLHYDEOH
ZDVWHORDGLQJDQGSURGXFWGHQVLW\DUHORZHU
DQG FHPHQWDWLRQ ZKHUH DQ DSSUR[LPDWHO\
IROGLQFUHDVHLQYROXPHLVW\SLFDO
P. Heath1, M. Stewart1, S. Moricca2, N.C. Hyatt3
1GRI Ltd
2AMEPT
3he University of Sheield
* paul.heath@georoc.co.uk 
'HYHORSPHQWRI+,3SURFHVVIRUWKH
WUHDWPHQWRI6HOOD$퐀eOGVOXGJHVDQGVOXUULHV
0RQWDLU DQG %HOJRSURFHVV GHYHORSHG WKH
SLORW 35,0( 3\URO\VLV 5HVLQV ,Q 0RELOH
(OHFWULF ,QVWDOODWLRQ IRU WUHDWPHQW RI VSHQW
UHVLQV LQ RQH VLQJOH UHDFWRU ZLWKRXW SUH
WUHDWPHQW DQG ZLWKRXW LQWHUPL[LQJ RI RWKHU
ZDVWH DOORZLQJ IRU HDV\ WUDFHDELOLW\ DQG
LVRWRSLFFKDUDFWHUL]DWLRQRIWKHHQGSURGXFW
%RWK ORZ OHYHOZDVWH //:P6YKDQG
PHGLXPOHYHOZDVWH0/:!P6YKFDQEH
WUHDWHGLQWKHLQVWDOODWLRQ
7KH 35,0( SLORW LQVWDOODWLRQ LV GHVLJQHG WR
WUHDWEDWFKHVRIOLWUHVRIVDWXUDWHGLRQ
H[FKDQJH UHVLQVRYHUDSHULRGRI KRXUV
$ GRVLQJ XQLW ZLWK VFUHZ IHHGHU LV XVHG IRU
WKH GRVLQJ RI WKH VDWXUDWHG LRQ H[FKDQJH
UHVLQVWRWKHS\URO\VLVUHDFWRU7KHS\URO\VLV
UHDFWRUFRQWDLQVDVSHFLDOGHVLJQPHFKDQLFDO
VWLUUHUDQGFDQRSHUDWHDWDWHPSHUDWXUHRIXS
WRr&XQGHULQHUWFRQGLWLRQV$VDUHVXOW
WKHRUJDQLFPROHFXOHVZLOOGHFRPSRVHDWDQ
DFFHOHUDWHG UDWH XQWLO RQO\ WKH PLQHUDOL]HG
PDWHULDO UHPDLQV 7KH ORZHU WHPSHUDWXUH
DQG WKH DEVHQFH RI R[\JHQ DOVR SUHYHQW
WKH EUHDNGRZQ RI LRQ H[FKDQJH UHVLQV LQWR
SRZGHU\ DVK ZKLFK LV D FRQVLGHUDEOH
DGYDQWDJHGXULQJIXUWKHUKDQGOLQJ
*DVHV WKDW DUH UHOHDVHG GXULQJ GU\LQJ DQG
S\URO\VLV DUH WUHDWHG LQ D WKHUPDO R[LGL]HU
ZKLFKXVHVDQLQQRYDWLYHHOHFWULFDOO\KHDWHG
GHVLJQ LQVWHDG RI D WUDGLWLRQDO QDWXUDO JDV
RU IXHO RLO VHFRQGDU\ FRPEXVWLRQ FKDPEHU
GHVLJQ $IWHU SDVVLQJ WKURXJK WKH WKHUPDO
R[LGL]HU WKH JDVHV DUH FRROHG GRZQ WR
VDWXUDWLRQ WHPSHUDWXUH DQG WUHDWHG LQ WKH
ZHWVFUXEELQJV\VWHP$Q LQGXFHGGUDIW IDQ
NHHSVWKHV\VWHPXQGHUQHJDWLYHSUHVVXUHWR
SUHYHQWWKHSRVVLELOLW\RIDQ\RIIJDVOHDNDJH
RXWRIWKHV\VWHP
$VHULHVRIWHVWVZHUHSHUIRUPHGVXFFHVVIXOO\
ZLWKZHWFDWLRQLFUHVLQVDQLRQLFUHVLQVDQGD
PL[WXUHRIERWK7KHUHVXOWVRIWKHVHWHVWVDUH
GHVFULEHGLQWKHSUHVHQWDWLRQ
)RU LQWHOOHFWXDO SURSHUW\ SURWHFWLRQ WKH
V\VWHP DQG SURFHVV RI S\URO\VLV RI RUJDQLF
ZDVWHDQGWKHV\VWHPRIWKHUPDOR[LGDWLRQRI
S\URO\VLV JDVHV GHVFULEHG LQ WKLV SDSHU DUH
SDWHQWSHQGLQJ
J. Hansen1, J. Deckers2*
1Montair Process Technology B.V.
2Belgoprocess
* jan.deckers@belgoprocess.be
3\URO\VLVRIUDGLRDFWLYHVSHQW
UHVLQVLQWKH35,0(,QVWDOODWLRQ
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1RWHV
;UD\ DEVRUSWLRQ VSHFWURVFRS\ ZDV DSSOLHG
WR XQGHUVWDQG WKH VSHFLDWLRQ RI HOHPHQWV
UHOHYDQW WR WKH LPPRELOLVDWLRQ DQG GLVSRVDO
RI UDGLRDFWLYH SOXWRQLXP EHDULQJ ZDVWHV
XWLOL]LQJ &H DV D 3X VXUURJDWH  &H /
3
 
;$1(6 ;UD\ $EVRUSWLRQ 1HDU (GJH
6WUXFWXUH FKDUDFWHUL]DWLRQ RI D FU\VWDOOLVHG
JODVV PDWHULDO SURGXFHG E\ FROG FUXFLEOH
SODVPD YLWUL$?FDWLRQ DW GHPRQVWUDWLRQ VFDOH
HYLGHQFHG LQFRUSRUDWLRQ DV &H ZLWKLQ
WKH JODVV SKDVH SURYLGLQJ DQ LPSRUWDQW
YDOLGDWLRQRIODERUDWRU\VFDOHVWXGLHV8DQG
&H /
3
 ;$1(6 LQYHVWLJDWLRQ RI EUDQQHULWH
FHUDPLFV 8&H7L2O V\QWKHVL]HG XQGHUR[LGL]LQJ QHXWUDO DQG UHGXFLQJ FRQGLWLRQV
HVWDEOLVKHG WKH FKDUJH FRPSHQVDWLRQ
PHFKDQLVPDVLQFRUSRUDWLRQRI&H through 
IRUPDWLRQRI8,QHDFKRIWKHVHH[DPSOHV
;UD\$EVRUSWLRQ6SHFWURVFRS\KDVSURYLGHG
DSLYRWDOXQGHUVWDQGLQJRIHOHPHQWVSHFLDWLRQ
LQUHODWLRQWRWKHPHFKDQLVPRILQFRUSRUDWLRQ
ZLWKLQ WKH KRVW ZDVWH IRUP LQWHQGHG IRU
JHRORJLFDOGLVSRVDO
D.J. Bailey1, M.C. Stennett1, S.K. Sun1, L.J. Gardner1, S.A. Walling1, C.L. Corkhill1, B. Ravel2 and 
N.C. Hyatt*1
1Department of Materials Science & Engineering, he University of Sheield, Mappin Street, Sheield, 
S1 3JD.
2National Institute of Standards and Technology, Gaithersburg, Maryland 20899, USA.
*n.c.hyatt@sheield.ac.uk
&HDQG8VSHFLDWLRQLQFHUDPLFDQGYLWUL$퐀eGZDVWHIRUPVIRU
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